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Ouring July-September 1972, 439 oceanographic observations were taken ° the
Labrador Sea, Irminger Sea, and Baffin Bay as part of the NORLANT-72
Exercise. One-third of these observations, mostly expendable bathythermo-
graphs (aBTs), were converted into sound velocity profiles using Wilson's
equation and historical salinities. These data were adequate for temporal
and spatial analysis in the central Labrador Sea and along tracks between
this reqion and the Denmark St-1it, Reykjanes Ridge, and the Carey Islands
in northern Baffin Bay. Uceanographic data also were adequate to defire
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meandering of the Subarctic Convergence in the central Labrador Sea
throughout the three exercise phases. Sound velocity profiles throughout
the exercise area were extreasely complex and variable, particularly in the
central Labrador Sea and iust south of Davis Strait. At one station astride
the Subarctic Convergence, the sound velocity at the deep sound channel {DSC)
axis varied by 9.5 m/sec over less than 48 hours. In the intense transition
zone south of Davis Strait, this parameter varied by 20.9 m/sec over a
distance of 155 nm. The depth of the DSC axis was much less variabie than
tne sound velocity at the axis in both regions. Temporal and spatial
variability appear to be equally significant as controls over 0SC structure
throughout the exercise area.
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INTRODUCTION

{C) The NORLANT-72 Exercise was conducted from July through
September 1972 in the western North Atlantic Ocean north of 45°N
in a region including the Labrador Sea, Irminger Sea, and Baffin
Bay. The following ships took part in the exercise:

& USNS SANDS (T-AGOR-6),
® USNS HAYES (T-AGOR-16),
® USNS LYNCH (T-AGOR-7},
s R/V PIERCE,

e R/V LANGEVIN, and

e CFAV QUEST.

Jceanographic data were collected from SANDS, HAYES, and LANGEVIN
and from various aircraft for use in determining environmental
effects on acoustic propagation. A preliminary analysis of the
sound velocity structure of the exercise area was given by Fenner
and Bucca (1972) based on a very limited number of data points.

Tnis report suppiements the preliminary NORLANT-72 sound velocity
analyses ard includes additional sound velocity/temperature-saiinity
(T-S§ comparisons, making use of 177 additional observations.

DEFINITIONS

(U} For purposes aof tafs report, the depth of the deep sound
channel {DSC) axis is defined as the depth of the absolute sound
velocity minimum. Critical depth is defined as that depth where
the maximum scund velocity at the surfazce or in the mixed layer
recurs, and as such demarcates the hottom of the DSC. Depth
excess is defined as the interval between critical depth and the
seafloor and is regessary for convergence zone propegation from o
near-surface source. A1l depths are given in meters {m), al}
distances in nautical miles {nm) and a)) sound velocities in
meter< per second (m/sec). A1l dottom depths have been corrected
for variztions from a standard sound velecity of 1500 m/sec using
the depth correcifon tabies of Hatthews (193%). Sound velocitly data
presented in this report hive not been extended below the maximsn
depth of sbserved data cwing (0 expected data variability throughout
the exercise ares.
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e Phase I: 15-29 July 1972,
e Phase II: 30 July-18 August 1972, and
¢ Phase I1I: 22 August-19 September 1972.

These three phases oceanographically correspond to early, middle,
and late summer.

DISCUSSION OF ENVIRONMENTAL DATA

A. Data Availability

{U) Table I summarizes the oceanographic data collected
during NORLANT-72 by phase, platform, and the foliowing categories:

¢ Expendable bathythermographs {XBTs), including
Sippican Model T-5 probes (1830 m) and T-7 probes (760 m),

o 330w AN/S5G-3b airborne expendabie bathythersographs
{AXBTs),

¢ Salinity-temperature-depth (STD) profiles,

@ Conductivity-temperature-depth-sound velocity (CTO/SV)
profiles,

o Sound velecimerer profiles (S¥Ps), and
& Sea surface tesmperatyre (SST) observations.

in additicn, current weter measurceents were obtained at one location
throughout the exercise by the Naval Oceanegraphic Office (RAVOCEARG).
The locations uf these varigus chservations are shown in figures 3
through 5 of Fenner and Bucca (1972). Table Il gives the location

and raxisum depth of STDs, CTO/SVs, and SVPs taken by SANDS during

all three phases.

{C) Most sceanographic aobsevvations collected during
NORLANT-72 were either E8Ts or ARBYs. Many of these cbservations were
taker within 3 five-degree sguare between 50°-55°K and 44°-49°W, in
the vicinity of the four primery refesence stalieans {steticns A, 8,

C, snd D). HMowever, duriny Phase [, ¥8T 2nd AXBT observations were
taker by SANDS, KAYES, and varicut aircraft squadrons to the ncrth
and east of the prirgry opevating area (GPAREA}. [uring Phase II,
HAYES took a line of ¥B7: be'ween the primary OPAREA and the Reykjanes
Rigge. Curing Phase [11, QUEST and JANDS took 2 line of X8Ts intp
gaf¥in Bay.

2 CONFIDENTIAL
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T-5 T-7

XBT XBT  AXBT STD  CTD/SV _ SVP SST
PHASE 1 (15-29 July)
SANDS 4 4] - -0~ 2 4 (2)
HAYES 1§ 33 - -0- -0~ -0- -0-
LYNCH -0-  -0- - <0-  «0- -0  -0-
VN-8 . - 5] - - - -
VP-24 - - 68 - - - -
PHASE 11 (30 July-18 August)
SANDS 17 29 - 3 -0~ 5 (2)
HAYES 2 7 - -0- -0~ -0- -0-
LANGEVIN 8 -0- - -0~ -0~ -0- -0~
PIERCE -0-  -0- - =0-  <0- -0 -0
VP-405 - -2 - - - -
PHASE III (22 August-19 September)
SANDS 5 40 - -0« 4 1 (2)
QUEST -0- 64 - -0  -0- -0-  -0-
VP-405 - - 12 - - - -
POST PHASE I11 (18-20 October)
LYNCH ~0- -- ~ -0- -0~ -0- -0-
TOTALS 52 214 154 2 6 10 -

Notes: o (2) indicates observation every 2 hours
e - indicates not applicable

TABLE I. SUMMARY OF NORLANT-72 OCEANOGRAPHIC DATA (U)

3 <ONFIDENTIAL
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STATION DATE TIME LAT LONG MAX IMUM
NUMBER (1972) (GMT)  PHASE (N) () DEPTH (m)
CTD/SV 1 17 Jul 1530 I 52°00" 44°44" 1008
CTD/SV 2 18 Jul 2255 I 53°55' 44°50" 649
SVP 1 19 Jul 1800 I 53°55* 44°49' 2772
SVP 2 20 Jul 2114 I 55°48" 43°23" 3087
SVP 3 22 Jul 0330 I 58°42" 38°25" 2925
SVP 4 24 Jul 0200 1 55°50" 34°01" 1403
SVP 5 31 Jul 02¢. I 53°59' 44°51" 3234
STL 1 31 Jul 0560 I 54°02" 44°56" 1498
STD 2 1 Aug 2100 11 5156 45°10" 1513
SVP 6 2 Aug 0015 151 51°52° 45°14" 3602
SVP 7 2 Aug 2034 I 52°58" 44°48' 3619
STD 3 3 Aug 0025 11 52°57" 44°51" 1490
SV 8 12 Aug 1545 11 53°48" 45°00' 3577
SVP 9 17 Aug 1100 I 52°00" 45°00" 3367
CT0/SV 3 24 Aug 2315 11 50°56 42012 2958
CTO/SV 4 30 Aug 0615 11 57°04" 51°57° 2995
CTO/SV 5 31 Aug 2115 198 53°68" 44°46" 2672
CTO/SV 6 3 Sep 1800 11 51°59" 44°50" 2970
SVP 10 4 Sep 0200 11 52°00" 44°57" 3700

Notes: e Upcasts and downcasts available for STOs and SVPs, downcasts

only available for CTD/SVs

e Times and positions are for downcasts tn all cases

TABLE II.

USNS SANDS STD, CTD/SV, AND SVP OBSERVATIONS (V)

CONFIDENTIAL
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B. Treatment of Data

(U) Most sound velocity data presented in this report were
calculated from XBT or AXBT temperature traces and historical salinity
values using the equation of Wilson (1960). In all, 163 XBT or AXBT
traces were converted into sound velocity profiles. Salinity
correction factors for use in Wilson's equation were determined at
10-m depth increments in all cases. The XBi or AXBT traces were
machine digitized at 10~ to 15-m depth increments. Therefore, the
salinity correction factor lyiny ot the depth ciosest to the given
temperature point was used in calculating the sound velocity for
that point. Only three salinity profiles collected during the
exercise were used in the calculation of sound velocities, one at
station A, one at station B, and one midway between thase stations.
The remainder of the salinity profiles used in the sound velocity
calculations were taken from historical summer date.

C. Relative Da*a Accuracy

(U) Six different instrument types were used to collect
environmental data during NORLANT-72: 5VPs, STDs, CTD/SVs, T-5
XBTs, T-7 XbTs, and AXBTs. Only two of these, the SVP and CTD/SV,
measure sound velocity directly. Both systems have an accuracy of
:0.3 m/sec. In addition, the SVP system has a maximum resolution
of +0.3 m/sec at the lTowering rates used in NORLANT-72. The STD
system has a temperature accuracy of +0.02°C, and a salinity
accuracy of +0.02°/ 40, ieading to an overall calculated sound
velocity accuracy of +0.2 m/sec, disregarding any inaccuracies in
Wilson's equazion. The T-5 and T-7 XBTs have a temperature
accuracy of about +0.02°C, which result, in a caiculated sound
velocity accuracy of about +0.7 m/sec, assuming that historical
salinities are correct and that there are no inaccuracies in Wilson's
equation. Finally, the AXBTs have a temperature accuracy of :0.3°C
(+0.5°F), which resylts in a minimum calculated sound velocity
accuracy of about +1.Z m/sec. Ouring NORLANT-72, SANDS STD and SVP
upcasts ard downcasts were equally valid in terms of accuracy and
repeatability.

(U) Figure ) shows a comparison of sound velocities derived
from data measured by various systems at approximately the same time
and location. There is generally good agreement between the varicus
measurement systems considering the wide variability in system
accuracies and the large-scale oceanographic variability encountered
in the NORLANT-72 area (Fenner and Bucca, 1972). Sound velocities
below the DSC axis calculated from XBTs appear %0 be 0.5 to 1.0 w/sec
higher than sound velocities calculated from STD data or sound
velgcities measured by an SVP or CTD/SV system for the three positions

5 CONFIODENTIAL
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analyzed. This is not due to a salinity error, since an identical
salinity was used to calculate sound velocities for both the STD and

XBT shown in figure 1A and a second identical salinity was used for

those in figure 1B. The higher XBT sound velocities may be due partially
to an error in Wilson's equation, as originally suggested by Carnvale,

et al. (1968).

(U) The extreme variability between the sound velocity profile
calculated using SANDS XBT 62 and the other two profilers shown in
figure 1B 1s perfectly possibie, since all three observations lay
astride the Subarctic Convergence during Phase II. Temperature
variations of 0.5°C across distances of less than 10 nm are common
along the Subarctic Convergence, particularly at depths between 200
and 400 m. A 0.5°C variation in temperature can produce a sound
velocity variation in excess of 2.0 m/sec in the 4° to 6°C temperature
' range (NAVOCEANO, 1962). Physically, the XBT-derived sound velocity
profile shown in figure 1B probably is the result of an intrusion of
warmer North Atlantic Central Water under the Subarctic Convergence.

OCEANOGRAPHIC OVERVIEW OF NORLANT-72 AREA

(U) As previously stated by the authors (Fenner and Bucca, 1972),
the NORLANT-72 area is "one of the most complex oceanographic regions
found in the North Atlantic Ocean". Figures 2, 3, and 4A show a
i generalized picture of surface circulation in the exercise area during
Phases I, Il, and III, respectively. Figure 4B shows the general
surface circulation of Davis Strait and Baffin Bay (Phase IlI, only).
Figures 2, 3, and 4A also show the position of the Subarctic Convergence
during each of the three phases of the exercise.

i b S S S A e e £
O X Rl A R R i Rk

(U) The Subarctic Convergence can be considered as the oceancgraphic
boundary (front) between the cold, dilute circulation of the lLabrador
o Current and the warmer, more saline circulation of the North Atlantic

s Current (an offshoot of the Gulf Stream). The position of this feature
" 4 as shown in figures 2, 3, and 4A is based on temperature centours at a
depth of 100 m since this front often is masked at the surface by
sumier insolation. The position of the Subarctic Convergence varied
between the three phases of NORLANT-7Z, particularly in the region
L S where it separates the warm-water circulation of a semipermanent
k. S North Atlantic Current gyre from the colder circulation of the Labrador
kL ' Sea gyre. However, if equal amounts of data were availtable farther to
. . , the north, the Subarctic Convergence probably would be equally variable
MR- : in shape along its entire extent. This front can extend to depths
greater than 1000 m off Grand Banks (Fenner and Bucca, 1971), and
- 3 probably extends to maximum depths of alout 500 m ir the exercise area.
Y Sound velocity profiles astrid2 or on opposite sides of the Subarctic
I Convergence can display substantial variations over relatively small
distances or time periods (figure 1B).
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(U) Farther to the north, the Palar Front separates the cold,
dilute waters of the East Greenland Current from the warmer, more
saline waters of the Irminger Current (an offshoot of the North
Atlantic Current). Since the Subarctic Convergence does not close
with the Polar Front during summer months (Nunn, 1968), warmer, more
saline waters of the Irminger Current turn to the south in the
Irminger Sea and eventually round the southern tip of Greenland to
form the West Greenland Current. This current is warmer and more
saline than the Labrador Sea gyre, and hence causes higher sound
velocities in the upper 1000 m of the water column. The West
Greenland Current is apparent as a subsurface flow well into Baffin
Bay. This intrusion of Atlantic waters into Baffin Bay also has
pronounced effects on sound velocity structure.

(C) Figures 2, 3, 8A, and 4B also are indices of the various
sound velocity analyses contained in this report (cross sections and
time series analyses). In addition, these figures show the locations
of T-S/sound velocity comparisons, salinity profiles used in calculating
sound velocities from XBT traces, and various Ocean Weather Stations (OWS)
found in the NORLANT-72 exercise area. Since the exercise area is so
diverse oceanographically, the varicus sound velocity analyses will be
discussed as follows:

@ Sound velocity structure of the primary OPAREA,

e Sound velocity structure between station B and Denmark
Strait (northeast of primary OPAREA),

o Sound velocity structure between station B and the
Reykjanes Ridge (east of primary OPAREA), and

e Sound velocity structure between station B and ths
Carey Islands, Baffin Bay (northwest of primary OPAREA).

Each of these sections is proceeded by a short discussion of the general
oceanography for the region involved making use of T-5/sound velocity
comparisons. Direct comparison of sound velocity structures between

the NORLANT-72 phases is possible only for station B, for the tracks
southwest of station B, and for the tracks between station B and the
Reykjanes Ridge.

SOUNC VELOCITY STRUCTURE OF PRIMARY OPAREA

A. General Oceanography

(C)} The primary OPARTA for the NORLANT-72 Exercise was a five-
degree square between 50°-55°N and 44°-49°M. This area contatned the
four primary reference stations (statiors A, 5, C, and D) and is outlined
in figures 2, 3, and 4A, The primary OPAREA was dominated by the
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meandering Subarctic Convergence during all three phases of the exercise,
Figure 5 shows temperature contours at a depth of 100 m for tre primary
OPAREA and the pusition of the Subarctic Convergence for ca<h of the
three exercise phases. The Subarctic Convergence occurred between

the 5° and 6°C isolines at a depth of 100 m based on a rigorous
inspection of NORLANT-72 XBT data. During Phase I of NORLANT-72,

the Subarctic Convergence passed through all four of the primary
reference stations. During Phase II, this front passed through
stations C and D, but separated station A (warm side of front? from
station B {cold side of front). During Phase III, the Supbarctic
Convergence passed through stations A and C, but separated station B
{cold side) from station D (warm side). The meandering nature of

the Subarctic Convergence caused marked changes in sound velocity
structures throughout the primary OPAREA over relatively small
distances and time periods during all three phases of the exercise.

(U) The following T-S/sound velocity comparisons have been
chosen to illustrate the very complex oceanography of the primary
OPAREA:

e Finure £, located a2t staticn A,
e Figure 7, located at station B,
e Figure 8, located in the North Atlantic Current gyre, and

¢ Figure 9, located in the Labrador Current north of
Grand Barks.

The data shown in fiqures 6, 7, and B were collected during Phase IlI
of the exercise. Therefore, figure 6 shows an observation lying just
on the warm side (almost astride) the Subarctic Convergence, while
figure 7 shows an observation lying on the cold side of this front.

(U} Three major surfacd and near-surface water masses are
found in the primary OPAREA: very cold, very dilute Labrador Current
dater {(LCW); much warmer, much more saline Morth Atlantic Central
Water (NACW) whicn is carried by the North Atlantic Current; and a
water mass with intermediate characterist®ls called Atigntic Subarctic
Water (ASaW) (Sverirup, et al., 1942). Within the North Atlantic
Current, NHACH is found between depths of about 200 and 1600 m. Within
the Labrador Current, LCH is found between the surfsce and aboul
1000 to 1200 m depth. However, ASaW is a surface water mass that can
overlie either NACH or LCW in the rejion on either side of the
Subarctic Convergence, All of these water masses intermix at various
depths along the Subarctic Convergence, leading to very complicated
T-S relationships and equally complex and spurious sound velocity
structures.
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(U) The primary OPAREA also #s influenced by Arctic Intermediate
Water (AIW) that probably is formed north and west of the Subarctic
Convergence by sinkirg of ASaW. To the south and east of the Subarctic
Convergence, AIW is characterizec by a salinity minimum at depths
between about 800 and 1800 m (Bubnov, 19C3). However, this water mass
does not profoundly affect sound velocity structirces.

(U) At greater depths, the entire Norih Atlantic Ocean is
occupied by North Atlantic Deep and Bottom Water. This waler mass
generally leads tu a predictable positive sound velocity gradient
below depths nf 2000 to 2500 m. However, in the primary OPAREA, celd,
dilute Norwegian Sea Overflow Water (NSOW) can cause a gradient
change in the deep profile (lower velocities near the bottom). The
effccts of NSOW an near-bottom sound velocities has been studied in
detail in the lrminger Sea by Guthrie (1964).

(U) At station A (figure 6), ASaW overlies an intrusion of
NACW between 26C and 700 m. The DSC axis (260 m} coincides with the
bottom of the ASaW layer, while the NACW intrusior causes a sound
velocity perturbation at 500 m. The two separate AIK cores at 900
and 1300 m do not result in any appreciable change in the positive
sound velocity gradient below the DSC axis. Below about 2200 m, the
predictable positive sound velocity gradient is altered by NSOW. At
3000 m, the sound velocity is nearly 2.0 m/sec less than that found
at station 8 {figure 7). The irregular sound velocity structure
above the OSC axis at station A is a result of local mixing and
turdulence in the ASad layer that is common on the warm side of the
Subarctic Convergence.

(U} At station B {figure 7) ASaW overlies a layer of LCW
between 160 and 800 m. Below BOO m depth, no AIN corvs are observable
in the NACM Yayer, indicating that AlM may be in the process of formaticn
north and west of the Subarctic Convergence. The 0SC axis (160 m) again
coincides with the bottom of the ASaW layer. Several sound velocit
perturbations are found within the LCW layer, one of thea (at 240 =
roughly corresponds with the depth of the LCW core. There is no
noticeable change in the deep positive sound velocity gradient due to
R30W effects st station B, The sura ragylar 1;moo!her? sound velocity
structure above the DSC axis is coomen in the Labrador Sea gyre, and
fs a further indication that this statign lay on the coid 3ide of the
Subarctic Convergence during Phase (Il of the exercise.
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(U) In the North Atlantic Current gyre (figure 8), the upper
100 m of the water cclumn is dominated by a low-salinity layer (less
than 35°/00) that most 1ikely represents warmed LCW transported across
the Subarctic Convergence. The salinity at 50 m shown in figure 8
corresponds well with the salinity at the depth of the LCW core shown
in figure 9. Low-salinity surface water of apparent Labrador Current
origin has been found during summer as far east as OWS CHARLIE by
Husby (1968). However, this Tow-salinity lens has only minor effects
on the sound velocity profile. Between 100 and 540 m, the sound
velocity profile is extremely complex owing to mixing of ASaW and
NACW. This mixing is a result of intrusion of NACW into a layer of
ASaW that extends to 540 m. In this layer, repeated sound velocity
maxima apparently correspond to intrusions of NACW, whereas sound
velocity minima corirespond approximately to cores of relatively
unmixed ASaW. The DSC axis (350 m) corresponds to the ASaW cell with
the lowest salinity, rather than to the bottom of the ASaW layer.
The two separate AIW cores at 900 and 1300 m have only a slight
effect on the positive sound velocity gradient below the DSC axis.
BeTow about 2200 m, NSOW has a pronounced effect on the positive
sound velocity gradient. At about 3000 m, the sound veiocity is
nearly 2.0 m/sec less than at station A (figure 6) and nearly
4.0 m/sec less than that at station B (figure 7).

(U) In the Labrador Current north of the Grand Banks (figure 9),
LCW occupies the upper 1000 m of the water column, The BSC axis ?50 m)
coincides with the LCW core (temperature minimum in a layer of increasing
salinity). The sound velocity gradient change at zhout 360 m depth is
caused by a temperature maximum at the core of 2 NACW intrusion into the
Labrador Current. At a depth of 1400 m, the sound velocity shown in
figure 9 is about 2.0 m/sec less than tnat shown in figures 6, 7 and 8.
This may be due to the preferential flow of NSOW under the Labrador
Current shown by Worthington (1970).

(U) In summary, the overall sound velocity structure of the
primary OPAREA is most complex in the North Atlantic Current gyre
{figure 8), least complicated in the Labrador Current (figure 9), and
of intermediate complexity at stations A and B (figures 6 and 7, re-
spectively). In the upper 2000 m ot the water column, the sound
velocity at most depths is greatest in the North Atlantic Current
gyre, least in the Labrador Current, and intermediate at stations A and
B. Sound velocities during Phase III of NORLANT-72 are generally
greater at station A than at statfon B, since station B Ties on the cold
side of the Subarctic Convergence rather than in the North Atlantic
Current gyre. The effects of NSOW in decreasing near-bottom sound
velocities are more pronounced in the North Atlantic Current gyre
than at station B8, indicating a possible NSOW flow under this gyre.

The DSC axis has the greatest depth and sound velocity in the Rorth
Atlantic Current gyre, has the least depth and sound velocity in the
Labrador Current, and is intermediate in terms of both depth and sound
velocity at stations A and B. Generally speaking, sound velocity at
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the DSC axis is greater than 1472 m/sec in the North Atlantic Current
gyre, less than 1472 m/sec in the Labrador Sea gyre, and between 1440
and 1460 m/sec in the main flow of the Labrador Current.

B. Variability of Sound Velocity at Station A

(C) During Phases I and IIT of NORLANT-72, station A lay
astride the Subarctic Convergence. During Phase II, this station lay
in the North Atlantic Current gyre (see figure 5). Adequate data
were available during Phase III to analyze the variability of sound
velocity within a 15-nm radius of station A for a 10-hour period
during 3-4 September. Figure 10 shows a time series plot and
contoured presentation of sound velocity data at station A during
Phase I for the upper 2000 m and 1000 m of the water column, re-
spectively. The observations used in figure 10 are identified in
table ITI. Their locations relative to the average Phase III
position of the Subarctic Convergence are shown in an insert to
figure 10, Profiles 1, 2, and 5 are in the colder Labrador Sea gyre;
profiles 4 and 6 are in the warmer North Atlantic Current gyre; and
profile 3 lies astride the Subarctic Convergence.

(C) The sound velocity variability shown in figure 10 is a
result of temporal and spatial variability in the environment. The
maximum depth of the DSC axis (340 m) occurred on profile 4 {warm
side of front), while the maximum sound velocity at the axis (about
1475 m/sec) occurred on profile 3 (astride front). The minimum
depth of the axis (150 mg also occurred on profile 3 (astride front),
whereas the minimum sound velocity at the DSC axis (about 1470 m/sec)
was on profiie 5 (cold side of front). Over the 10-hour occupation,
the depth of the DSC axis varied by 190 m, while the sound velovity
at the axis varied by 4.3 m/sec. This is a rather substantial amount
of variation, but is not unexpected in the vicinity of the Subarctic
Convergence. The irreqular shapes of the sound velocity isolines shown
in figure 10 are the result of intrusipns of various water masses
through the Subarctic Convergence and Jocal turbulence along this
front. During this occupation of station A, the critical depth varied
between 1600 and 1780 m due to changes in near-surface sound velocity.
Since the corrected bottom depth at station A is approximately 4080 m,
there was adequate depth excess during Phase 1Il for convergence zone
propagation from a near-surface source. The following table summarizes
statistics on the maximum sound velocity in the mixed layer (MLV),
depth ¢f the DSC axis (D3CD), sound velocity at the DSC axis (DSCV),
and critical depth (LD} for the Phase IIl occupation of station A:
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Notes: e Nominal position of station A is 52°00'N, 45°00'W
e (D) indicates downcast
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RANGE FROM
DATE  TIME  LAT LONG  STATION A
PROFILE OBSERVATION  (1972)  (GMT)  (°N) (°W) (nm)
1 SANDS CTD/SV 6 (D) 3 Sep 1800 51°59'  44°50" 6
2 SANDS XBT 127 3 Sep 1900 52°01'  44°49' 9
3 SANDS XBT 128 3 Sep 2015 51°59'  45°00 1
4 SANDS XBT 129 3 Sep 2230 51°59'  45°03' 2
5 SANDS XBT 110 4 Sep 0200 52°00' 45°00° 0
6 SANDS XBT 130 4 Sep 0310 52°03'  44°48' 10

TABLE III. IDENTIFICATION OF OBSERVATIONS USED IN PHASE IIl
TIME SERIES STUDY AT STATION A (U)
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NO. OF
MINIMUM MEAN MAX IMUM RANGE 0BS.
MLV 1492.6 1493.7 1494.6 2.0 6
(m/sec)
DSCD 150 220 340 190 6
(m)
DSCV 1470.4 1472.4 1474.4 4.3 6
(m/sec)
Co 1660 1730 1780 120 [
(m)

(C) During Phase I of NORLANT-72, variation in sound velocity
structure at station A should be quite similar to that shown in
figure 10, since the Subarctic Convergence passed through station A
during both Phases I and I11. The depth and sound velocity of the
DSC axis during Phase I should be similar to those found during
Phase 11I. Critical depths during Phase T should be several hundred
meters shallower than those for Phase III because of lower near-
surface temperatures. During Phase II, the sound velocity structure
at station A should be even more complex than that for Phase III,
since the station lay well into the North Atlantic Current gyre. The
depth and velocity of the DSC axis should be greater during Phase II
than during Phase II1 due to higher temperatures expected in the
North Atlantic Current gyre. Critical depths during Phase Il should
be a few hundred meters deeper than those shown in figure 10 owing to
higher near-surface temperatures in the gyre. However, convergence
zone nropagation from a near-surface source is ensured during all
three phases at station A.

€. Variability of Sound Velocity at Station B

(C) During Phase | of NORLANT-72, station B lay astride the
Subarctic Convergence, while during Phases I! and I1II this station lay

just on the cold side of this front in the Labrador Sea gyre (figure 5).

Data were adequate during Phase I to analyze the variability of sound
velocity within a 15-nm radius of station 8 for a 64-hour period
during 17-20 July. During Phase II, a similar analysis was made for
a 60-hour period during 12-15 August. Figure 11 shows a time series
plot and a contoured preseatation of sound velocity data at station 8
for both fhases I and I1. The time series plots are for the upper
2000 m of the water column and the contoured presentation for the
upper 1000 m of the water column. The observations used in figure 11
are identified in table IV. The locations of these observations
relative to the average Phase I and 1l positions of the Subarctic
Convergence are shown in an insert to figure 11.
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RANGE FROM
DATE  TIME  LAT  LONG  STATION B
PROFILE OBSERVATION _ (1972) (GMT) _(°N)  (°K) (nm)
1 HAYES XBT 7 17 Jul 0800 53°53'  44°59' 7
2 HAYES XBT 8 17 Jul 2009 54°04'  45°12' 8
A 3 SANDS XBT 15 18 Jul 1200 53°59'  45°00' 1
1 j%%,i 4 SANDS XBT 16 18 Jul 1600 53°59'  44°50' 5
é; 5 SANDS XBT 17 18 Jul 2000 53°55'  44°44' n
- g? 6 SANDS CTO/SV 2 (D) 18 Jul 2255 53°55'  44°50' 8
. B 7 SANDS XBT 18 19 Jul 1200 53°64'  44°53' 7
8 SANDS SVP 1 (U) 19 Jul 1800 53°55'  44°50' 8
9 SANDS XBT 20 20 Jul 0037 53°59'  44°49' 6
PHASE 11
1 SANDS XBT 76 12 g 1230 53°49'  44°53' 12
2 SANDS XBT 78 12 Aug 2000 53°48'  44°56’ 12
3 SANDS XBT 79 14 Aug 0000 53°63'  44°48' 10
4 SANDS XBT 80 14 Aug 0400 54°03'  44°58' 3
5 SANDS XBT 81 14 Aug 0715 53°48'  44°40" 17
6 SANDS XBT 82 14 Aug 1720 53°48'  44°40' 17

Notes: o Nominal position of station B is 54°00'N, 45°00'W
e (U) indicates upcast, (D) indicates downcast

TABLE IV. [IDENTIFICATION OF OBSERVATIONS USED IN PHASE 1 AND
PHASF. II TIME SERIES STUDIES AT STATION 8 (U)
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(U) During Phase I, profiles 1, 2, 3, and 9 were in the warmer
Morth Atlantic Current gyre; profiles 5, 6, 7, and 8 were in the
colder Labrador Sea gyre; and profile 4 lay astride the Subarctic
Convergence. Therefore, variation in sound velocity during Phase T
at station B again is a result of temporal and spatial variability
in the environment. The maximum depth of the DSC axis (360 m) occurred
for profile 3 (warm side of front), while the maximum sound velocity
at the axis (about 1474 m/sec) occurred for profile 1 {also on warm
side of front). The minimum depth of the axis (150 m) was found on
profile 5 and the minimum sound velocity at the axis (ahoct 1469 m/sec)
on profile 6. Profiles 5 and 6 were on the cold side of the Sub-
arctic Convergence. Over the 64-hour occupation, the depth of the DSC
axis varied by 210 meters and the sound velocity at the axis varied by
4.3 m/sec. Such a variation is expected along the Subarctic Convergence.
The effect of the Subarctic Convergence on the sound velocity isolines
below the axis can b2 seen between profiles 8 and 9 on the contoured
section. Profile & jay on the cold side of the front, while profile 9
was on the warm side of the front. Therefore, the various isolines
tend upwards as the distance between isolines is compressed. During
the Phase I occupation of station B, critical depth varied between
1070 m (cold side of front) and 1340 m (warm side of front).

() During Phase 'Y, profiles 1, 2, and 3 were in the warmer
North Atlantic Current gyrv while profiles 4, 5, and 6 were in
the colder Labrador Sea gyrv, thereby resulting in a mixture of temporal
and spatial variability in sound velocity structures. The maximum
depth of the DSC axis (200 m) oc~urred on profile 2, while the maximum
sound velocity at the axis (about 1473 m/sec) occurred un profile 3.
Both profiies were on the warm side uf the Subarctic Convergence. The
minimum depth of the axis (80 m) occurced for profile 1 (warm side of
convergence), whereas the minimum sound velocity at the axis {about
1470 mfsec) was found on profile 6 {cold s'de of convergence}. Over
the 60-hour occupation, the depth of the DSC axis varied by only 120 m
and the sound velocity at the axis varied by 3.5 m/sec. The effect
of the Subarctic Convergence on the sound velocity isolincs below the
axis can be seen between profiles 3 and 4 on the cuatoured section.
Since profile 3 was on the warm side of the front and profile & on the
cold side, the sound velocity isolines tend dowmwards o: the distance
between the various isolines is compressed. Ouring the Firse (|
occupation of station B, ¢ritical depth varied between 121C n. {cold
side of front) and 1400 m (warm side of front).

£
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(U) The following table surmarizes sound velocity profile
statistics for the Phase ] and Phase Il occupations of station B:

NO. OF
MINIMUM MEAN MAY. IMUM RANGE 0BS.
MLY
{m/<ec)
I 1483.5 1485.1 1488.3 4.8 g
II 1486.4 1487.4 1489.4 3.0 6
NN
(m)
1 150 230 360 210 9
11 80 130 200 120 6
pscy
{m/ser)
1 1469.3 1471.5 1473.6 4.3 9
11 1469.7 14711.3 1473.3 3.6 5
CD
{m)
I 1070 1180 1340 270 9
11 1210 1280 1400 190 &

Both the aepth and suund velocity of the DSC axis had a greater variation
during Phase I than during Phase 1i. This effect can be explained by the
relative position of the Subarctic Convergence during the two phases.
Durina Phase 1I, station B was more strongly influenced by the colder,
more stable Labrador Sea gyre. During Phase I, station B was influenced
more or less equally by the Labrador Sea gyre and the warmer, less

stable North Atlantic Current gyre. The lesser mean depth and sound
velocity of the DSC axis during Phase Il are further indications that
station B lay generally north of the Subarctic (onvergence during this
phase. The mean critical depth during Phase ! was 100 m shoaler than
during Phase II, despite the increased infiuence of the North Atlantic
Current gyre. This is caused by less surface insolation during Phase I.
The smailer variation in critical depth during Phase Il indicates more
uriifornt surface insolation later in the surmer.

(C) During Phase IIl of NORLANT-72, the sound velocity
structyre at station 8 should be quite similar to that shown in
figure 11 for Phase I1. However, critical depths during Phase [}l
should be a few hundred meters deeper than those found during Phase Il
because of increased surface insglation. during all three phases,
there was adequate depth excess at staticn B to ensure convergence
zone propagation from a near-surface source.

28 CONFIDENTIAL
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D. Variability of Sound Velecity at Station D

{C) During Phase I of NORLANT-72, station D lay astride the
Subarctic Convergence (figure 5). During this phase, data were
adequate to analyze the variability of sound velocity within a 15-nm
radius of station D for a 142-hour period during 19-25 July.

Figure 12 shows a time series plot and a contoured presentation
of sound velocity data at station D during Phase I. The time
series plot is for the upper 2000 m of the water column, the con-
toured presentation for the upper 1000 m of the water column. The
observations used in figure 12 are identified in table V. The
locations of these observations relative to the average Phase 1
positio? of the Subarctic Convergence are shown in an insert to
figure 12.

{C) The majority of the profiles used in figure 12 were
us the cold side of the Subarctic Convergence, the exceptions being
profile 1 in the North Atiantic Current gyre and profile 2 astride
the front. During the 142-hour occupation, 131 hours are represented
by profiles located in the colder Labrador Sea gyre. Over the
occupation as a whole, the maximum depth of the DSC axis {380 m)
and the maximum sound velocity at the axis {1476.2 m/sec) occurred
for profile 1. The minimum depth of the axis {100 m) occurred on
profile 17, while the minimum sound velocity at the axis (1466.7 m/sec)
was on profile 4. Both these profiles were on the cold side of the
Subarctic Convergence. Over the occupation as a whole, the depth
of the DSC axis varied by 280 m. Over a pericd of less than 48 hours,
the sound velocity at the axis varied by 9.5 m/sec. This latter
variatien is larger than that encountered at station B during either
Phase I or Phase il (figure 11) or that encountered at statior A
during Phase [Il (figure 10). The magnitude of this variation does
not appear to be a function of the length of occupation or placement
of stations relative to the Subarctic Convergence. Therefore this
large variation must be caused by greater oceanographic variability
at station 0 during Phase | of the exercise. This variability
probably is related to the proximity of station D to the center of
the North Atiantic Current gyre during Phase [ (figure 5}. During
the total occupation, critical depth at station 0 varied between
1200 m (profile 2) and 1440 m (profile 22}, a variation related
to changes in near-surface sound velocity. Since the corvected
bgttom depth at ststion D is approximately 3880 m, there was adequate
depth excess during Phase | to ensure convergence zome propagation
from a near-suirfate source.

{U) During 131 hours of the occupation, all profiles lay
within the colder Labrador Sea gyre and were not subject to spatial
variations induced by the relative position of the Subsrctic
{onvergence. Thergfere, these profiles offer an opportunity to
examine truly temporal variability :n the primary OPAREA. During
these 131 hours, the depth of the DSC axiy varied from 190 to 220 m,
while the sound velocity at the axis veried between 1366.7 and 1471.7 mfsec.
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RANGE FROM
DATE  TIME  LAT LONG STATION D
PROFILE OBSERVATION  (1972)  (GMT)  (°N)  (°W) (nm)
1 HAYES XBT 15 19 Jul 0400 52°58'  46°17" 10
2 HAYES XBT 16 19.Jul 0800 52°67' 46°00' 3
3 HAYES XBT 17 19 Jul 1500 53°08'  45°4g" 4
4 CHAYES XBT 18 20 Jul 0219 52°50'  45°55° 10
5 HAYES XBT 19 20 Jul 0800 52°57'  45°53' 5
6 HAYES XBT 19A 20 Jul 1430 52°57'  45°52 6
7 HAYES XBT 20 20 Jul 1800 52°56'  45°55! 5
8 HAYES XBT 21 21 Jul 0000 52°54'  45°55" 6
9 HAYES XBT 22 21 Jul 0800 52°55' 4557 5
10 HAYES XBT 23 21 Jul 1400 52°53'  45°56" 7
1 HAYES XBT 24 21 Jul 2140 52°55'  45°58" 4
12 HAYES XBT 25 22 Jul 0200 £.°00'  45°57" 2
13 HAYES XBT 26 22 Jul 0800  53°02'  46°09" 6
14 HAYES XBT 27 22 Jul 1410 53°00'  45°5¢ i
15 HAYES XBT 28 22 Jul 2045  53°02'  46°01" 2
16 HAYES XBT 29 23 Jul 0200 53°03'  46°02° 3
17 HAYES XBT 30 23 Jul 0800 53°01'  45°58 1
18  HAYES XBT 32 23 Jul 2000 53°01'  46°00" 1
19 HAYES XBT 33 24 Jul 0200 53°01'  46°02" 1
20 HAYES XBT 34 24 Jul 0800 53°03*  46°03’ 4
21 HAYES XBT 35 24 Jul 1400 53°02'  46°03" 2
22 HAYES XBT 36 24 Jul 2000 53°01'  46°02° 1
23 MAYES XBT 37 25 Jul 0200 53°01'  46°01" ]

Note: Nominal position of statiun D is 53°00'N, 46°00'W

TABLE V. IDENTIFICATION OF OBSERVATIONS USED IN PHASE IT
TIME SERIES STUDY AT STATION D (U)
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This variation appears to have a 10~ to 12-hour periodicity that
probably is due to internal waves generated along the horizontal
front that marks the bottom of the ASaW layer. At station D, this
front lay at the approximate depth of the DSC axis. Further evidence
of internal motion is seen in the form of the 1472 through 1480 m/sec
sound velocity isolines below the axis. According to LaFond (1962)
internal waves commonly are observed along herizontal water mass
boundaries. Tnese internal waves frequently have a period ap-
proximating that of the tide. In the southern Labrador Sea, the
tides generally are diurnal (NAVOCEANO, 1965a). Therefore, internal
waves appear tao be responsible for some part of the variability in
sound velocity observed at station D during Phase I of NORLANT-72.

(U) The total variability in the depth of the DSC axis ob-
served at station D during Phase I was 280 m. This variability is
a result of temporal and spatial changes in sound velocity structure.
During the 131-hour period when all observations lay in the Labrador
Sea gyre, the depth of the DSC axis varied by only 12C m. The total
variability in sound velocity at the axis observed during Phase [ at
station D was 9.5 m/sec. During the 131-hcur period when all
observations iay on the cold side of the Subarctic Convergence,
the sound velocity at the axis varied by 5.0 m/sec. Therefore,
about 45% of the total variation in DSC structure can be attributed
to temporal variability (internal waves). The remaining variation
(55%) probably is due to changes in the position of the Subarctic
Convergence. Internal waves probably are responsible for about half
of the variability observed at other reference stations in the
primary OPAREA, particularly if these stations either Tay astride or
near the Subarctic Convergence.

E. Sound Velocity Structure from Station B to Station A to ‘
Grand Banks

{C) During all taree phases of NOKLANT-72, data were adequate
to construct sound velocity cross sections from station B to station A
(due south) and then southwest towards Grand Banks. DOuring Phase I
(figure 2) both stations A and B lay astride the Subarctic Convergence,
and the Labrador Sea gyre intruded between these stations. The front
between the North Atlantic Current gyre and the {abrador Current was
about 95 nm southwest of station A. During Phase II (figure 3),
station 8 lay just north of the Subarctic Convergence and station A
lay in the North Atlantic Current gyre. However, the first 30 nm of
the cross section south of station B overlay this front. Ouring
Phase Il the front between the North Atlantic Current gyre and the
Labrador Current occurred about 45 nm southwest of station A. UDuring
Phase 111 {figure 4A), station B again lay just north of the Subarctic
Convergence and station A lay astride this front on the other side of
the North Atlantic Current gyre. Tne frunt between this gyre and the
Labrador Current occurred about 75 nm southwest of station A during
Phase IIl. Therefore, in respect to the statfon B to statfon A to
Grand Banks track, the North Atlantic Current gyre was best developed
during Phase III and least developed during Phase 1.

32 CONFIDENTIAL



CONFIDENTIAL

(U) Figure 13 shows a series of 15 sound velocity profiles
plotted at their position of observation normal to the station B to
station A to Grand Banks track during Phase I and a contoured cross
section of these same data. The plot of sound velocity profiles
versus distance extends to 2000 m depth, the contoured cross section
to a depth of 1000 m. The observations used in figure 13 are identified
in table VI. The bathymetric profile shown on figure 13 is from
NAVOCEANO North Atlantic Regional (NAR) chart 4.

(C) During Phase I, surface sound velocities along the
station B to station A to Grand Banks track varied from less than
1472 to greater than 1490 m/sec. A mixed layer was found on most
profiles at a depth of 10 to 30 m. The depth of the DSC axis varied
from 50 m in the Labrador Current (profile 14) to 350 m in the North
Atlantic Current gyre (profile 7). The sound velocity at the axis
varied from about 1455 to about 1475 m/sec between these same two
profiles. Critical depth increased from 900 m at station B to 1200 m
at a range of about 140 nm from station B (in the North Atlantic
Current gyre) and then decreased to 120 m in the Labrador Current
at a range of about 325 m, The critical depth then increased to
630 m at the end of the track due to increased surface insolation over
the edge of Grand Banks. Depth excess along the entire section was
adequate to er<-. e convergence zone propagation from a near-surface
source. liowever, convergence zone propagation was impeded farther
to the southwest by the shallower bathymetry of the Grand Banks
continental slope.

(U) Sound velocity structure along the entire Phase I track
was verv complex and variable because of intrusions of water masses
through the meandering Subarctic Convergence. The cells with sound
velocities less than 1472 m/sec at about 30 nm from station B and at
statign A were caused by intrusions of ASaW and/or LCW into the North
Atlantic Current gyre. The influence of this gyre to the north and
southwest of station A is seen in the domed structure of the sound
velocity isolines below the DSC axis. The strong temparature minimum
in the LCW core off Grand Banks caused a tongue with sound velocities
less than 1460 m/sec at ranges greater than 240 nm from station B.
The two cclls with sound velocities greater than 1478 m/sec (described
vy profilas 11 and 14) were caused by intrusions of NACW into the
tabrador Current., These NACW intrusions led to perturbations in the
positive sound velocity gradient below the DSC axis.

(C) Figure 14 shows a series of 14 sound velocity profiles
plotted at their position of observation normal to the station B to
station A to Grand Banks track during Phase Il and a cortoured cross
section of these same dats. The observations ysed in figure 14 are
identifiec in table YII. Surface sound velocities along the Phase Il
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4
DATE  TIME  LAT LONG
PROFILE OBSERVATION (1972) _ (GMT) _(°N) (W)
1 SANDS XBT 20 20 Jul 0037 33°59'  44°49
3 2 SANDS XBT 14 18 Jul 0800 52°23'  45°02°
3 HAYES XBT 6 17 Jul 0400 53°13'  45°04'
4 SANDS XBT 13 18 Jul 0400 52°40°  44°55'
5 HAYES XBT 5 17 Jul 0000 52°28'  45°04"
6 SANDS CTD/SV 1 (D) 17 Jul 1530 52°00'  44°44'
7 KAYES XBT 3 16 Jul 0803 51°32'  45°54
8 HAYES XBT 2 ° 16 Jul 0400 51°06'  46°25'
9 HAYES XBT 1A 16 Jul 0003 50°53'  47°01"
10 SANDS XBT 4 17 Jul 0040  50°44'  47°17"
n SANDS XBT 3 16 Jul 2230 50°29"  47°22"
, 12 HAYES BT 1 16 Jul 2000 50°13'  47°50"
13 SANDS XBT 45 29 Jul 2045 50°20'  49°05'
1 SANDS XBT 1 16 Jul 1430 49°22'  48°33"
15 VP-24 AXBT 9 2] Jul 0106 48°45'  49°36'
3
Note: (D) indicates downcast
TABLE VI. IDENTIFICATION OF OBSERVATIONS USED IN STATION B TO
) STATION A TO GRAND BANKS CROSS SECTION (PHASE 1) (U)
&
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SANDS DATE TIME LAT LONG
PROFILE OBSERVATION (1972) {GMT) (°N) (°W)
1 SVP 5 (U) 31 Jul 0420 53°59' 44°51"
2 XBT 78 12 Aug 2000 53°48' 44°5¢'
3 XBT 55 31 Jul 2040 53°32' 45°02'
XBT 85 15 Aug 1605 53°21' 44°54'
5 STD 3 (D) 3 Aug 0025 52°57" 44°51"
6 XBT 87 16 Aug 0415 52°27! 45°17'
7 STD 2 (D) 1 Aug 2100 51°56' 4510
8 XBT 49 30 Jui 1200 52933 46°37"
9 XBT 67 6 Aug 2256 51°18° 46°18'
10 XBT 73 11 Aug 0800 51°39' 47°42"
N XBT 68 7 Aug 0400 50745! 47°14!
12 XBT 68A 7 Aug 0800 50°1¢9¢ 48°02’
13 XBT 71 10 Aug 2216 50°31° 49°15"
14 X8T 70 7 Aug 1600 49447 48°50'

Note: (U) indicates upcast, {D) indicates downcast

s TABLE VII. TIDENTIFICATIGN OF OBSERVATIONS USFD IN STATION B 1O
. : STATION A TC GRAND BANKS CROSS SECTION (PHASE 1I) (u)
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s
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X
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track varied from about 1475 to greater than 1490 m/sec. A mixed layer
at depths of 20 to 50 m was found on most profiles. The depth of the
DSC axis varied between 40 m in the Labrador Current (profile 14) and
320 m in the North Atlantic Current gyre (profile 5). The sound
velocity at the axis varied from less than 1445 m/sec for profile 13
about 1473 m/sec for profiles 6 and 8. Critical depth varied between
1140 and 1550 m along the first 240 nm of the track and then rapidly
decreased to 450 m in the Labrador Current at a range of about 300 nm
from station B. Critical depth then increased to the southwest as a
result of increased surface insolation over the edge of Grand Banks.
Depth excess along the entire Phase I1 track was adequate to ensure
convergence zone propagation from a near-surface source.

(U) Sound velocity structure along the Phase II track was
even more complex and variable than that found during Phase I
(figure 13). This is due to the greater development of the unstable
North Atlantic Current gyre during Phase II. A cell with sound
velocities less than 1472 m/sec occurred at station A despite the fact
that this station lay well into the gyre. This is clear evidence of
an ASal and/or LCW intrusion under the Subarctic Convergence. In
addition, two tongues with sound velocities less than 1472 m/sec
intruded under the Subarctic Convergence, one from the north and one
from the southwest of station A. This second tongue was associated
with the Labrador Current. Tne Labrador Current itself apparently
did not extend as far northeast of Grand Banks during Phase II as
during Phase I, since sound velocities less than 1460 m/sec were
not found at ranges less than about 290 nm from station B during
Phase 11. However, the core of the Labrador Current apparently was
colder during Phase Il than during Phase I. The influence of the
North Atlantic Current gyre is apparent in the vicinity of station A
in the domed structure of the 1476 through 1484 m/sec sound velocity
isolines. A NACW intrusion into the Labrador Current resulted in a
cell with sound velocities greater than 1480 m/sec at about 270 nm
from station B (profile 12). This intrusion was more pronounced
during Phase Il than the intrusion found during Phase I at approximately
the same location.

{C) Figure 15 shows a series of 12 sound velocity profiles
plotted at their position of observation normal to the station B to
station A to Grand Banks track during Phase IIl and a contoured cross
section of these same data. The observations used in figure 15 are
identified in table VIII. The bathymetric profile shown on the
extreme right-hand side of figure 15 is identical to that of figure 13.
Surface sound velocities along the Phase I1I track varied from about
1486 to about 1496 m/sec. A mixed layer at depths between 20 and 70 m
was found on all profiles except profile 12. Surface sound velocities
during Phase I1l were greater than those during either Phase I or
Phase Il, indicating increased effects of surface insolation during
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SANDS DATE  TIME  LAT LONG
PROFILE __ OBSERVATION __ (1972)  (GMT) __ (°N) (°N)
1 XBT 122 1Sep 0010  53°58'  44°46'
2 XBT 123 1Sep 0800  53°47'  44°41'
3 XBT 125 1Sep 0805  53°03'  44°44'
4 XBT 126 1Sep 1200  52023'  44°40’
5 CTO/SV 6 (D) 3Sep 1800 51°53'  44°50°
6 XBT 132 9 Sep 0400  51°59'  46°02°
7 XBT 133 9sep 0800  51°31'  46°02"
8 XBT 134 9Sep 1200  51°10'  47°23"
9 XBT 95 20 Aug 0420  49°55'  45°54"
| 10 XBT 93 24 Aug 0000  49°37'  46°40"
| n XBT 136 9 Sep 2000  50°06'  48°54'
12 XBT 91 23 Aug 1600 48°58'  48°13*
Note: (D) indicates downcast

TABLE VIII. IDENTIFICATION OF OBSERVATIONS USED IN STATION B TO
STATION A TO GRAND BANKS CROSS SECTION {PHASE III) (u)

e e — e e e
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September. The depth of DSC axis varied between 30 m on profile 12
(Labrador Current) and 420 m on profile 3 (center of well-develcped
North Atlantic Current gyre). The sound velocity at the axis varied
between about 1449 m/sec on profile 11 and about 1480 m/ses on
profile 3. A minimum critical depth of 116C m was found at station B
and a maximum critical depth of 1900 m was found at a range »f about
270 nm from station B in the region dominated by the Labrador Current.
Critical dapths were greater during Phase III than during the other
two phases, again irdicating the strong and continued effects of
surface insolation during September. Ouring Phase IiI, depth excess
was adequate for convergence zone propagation from a near-suiface
source over most of the track. However, convergence zone formation
was impeded by the shallower bathymetry of the Grand Banks
continental slope at the southwest end of the track.

(U) Sound velocity structure along the Phase III track was
even more complicated and variable than that during Phase I (figure 14},
owing to maximum development of the uistable North Atlantic Current
gyre that dominated the first 195 nm of the track. Cells with sound
velocities less than 1472 m/sec were found at station B and at
ranges greater than 195 nm from station B. Sound velecities less the-
1460 m/sec occurred at ranges greater than about 250 nm from station B
(similar to situation for Phase I, figure 13). However, the North
Atlantic Current gyre was the primary oceanographic influence along
the station B to station A to Grand Banks track during Phase III.
This gyre caused the closure of the 1480 m/sec sound velocity isolines
on either side of profile 3 (midway between stations A and B) and
resulted in a cell with sound velocities greater than 1480 m/sec above
the DSC axis to the southwest of station A. The unstable nature of
the North Atlantic Current gyre is evident in the convoluted form of
the greater than 1480 m/sec sound velocity isolines north of station A.
The NACW intrusion into the Labrador Current -uring Phases [ and II at
a range of about 270 nm also occurred during Phase IIl {lens with
sound velocities greater than 1476 m/sec), but in a much diminished
form,

{U) As previously mentioned, the overall sound velocity
structure along the station B to station A to Grand Banks track was
most compiicated and variable during Phase I1I, leas: complicated and
variable during Phase I, and of intermediate complexity and variability
during Phase II. This is directly related to the North Atlantic
Current gyre that was best developed during Phase 111 and Teast
developed during Phase I. The following table summarizes sound
velocity profile statistics over the track as a whole during the
three phases of NORLANT-72:
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NO. OF
MINIMUM MEAN MAX TMUM RANGE 0BS.
MLV
(m/sec)
I 1471.7 1484.3 1490.8 19.1 15
I1 1474.7 1485.4 1490.6 15.9 14
It 1486.7 1492.6 1498.0 11.3 12.
DSCD
{m)
I 50 170 350 300 15
II 4G 150 320 280 14
IT1 30 190 420 390 12
- DSCV
im/sec)
I 1455.4 1466.1 1475.4 20.0 15
{1 1444.6 1456.7 1473.3 28.7 14
Il 1449.3 1467.3 1480.2 30.9 12
<D
im)
1 120 980 1280 1160 15
I1 450 1240 1550 1100 15
I 1160 1340 1900 740 12

Both the mean depth and sound velocity of the DSC axis were greatest and

most variabie during Phase III, in keepino with the maximum development
of the North Atlantic Curvent gyre. The relatively similar mean sound
velocity at the USC axis during all three phases indicates a similarity
in water mass types over the track as e whole. Mean critical depth was
greatest during Phase II1 and least during Phase I, as expected,
because of increasing surface insolation over the course of the exercise.
However, critical depth was least variable during Phase IIl and most
variable during Phase I, indicating that surface irsolation was most
uniform over the track during Phase Ifl and least uniform during

Phase I. The statistics on the maximum sound velocity in the mixed
layer show this same trend.

F. Summary of Sound Velocity Structure Rear Stations A and B

(C) Statfon A was occupied during Phase '!1 ¢f the exercise
(figure 10) and station B was occupied during Phases I and I1 (figure 1),
In addition, a line of data from station B south to station A has been
analyzed during all three phases of NORLANT-72 (figures 13, 14 and 15}.
Because of the various acoustic exercises carried out in the vicinity
of these two stations throughout the exercise, the overall sound
velocity structure near these two stations is briefly summarized in
the fallowing section.

L im e
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(U) Sourd velocity profile statistics over the station B to
statfon A track for Phases I, II, and 111 of the exercise are as follows:

NO. OF
MINIMUM MEAN *AYTMUM RANGE 0BS.
MLy
{m/sec)
1 1484.7 1488.0 1490.2 5.5 6
H 1485.9 1488.9 1490.6 4.7 7
11 1487.7 1492.1 1498.0 10.3 5
DSCD
(m)
! 180 230 310 130 6
I 120 200 320 200 7
11 160 260 420 260 5
DScy
(m/sec)
1 1469.0 1472.0 1473.2 4.2 6
I 1468.2 1470.9 14713.1 4.9 7
11! 1471.3 1473.9 1480.2 8.9 5
CD
(m)
{ 900 1140 1286 380 6
I! 1220 1370 1530 310 7
{11 1160 1400 166Q 500 5

Minimum valuas of these four parameters generally occurred at station B
(northe=n end of track), while maximum values were found at the center
of ti.e variable North Atlantic Current gyre. All four parameters had
greatest mean values and largest variations during Phase IIl, cein-
tident with the grestest development of this gyre. ODuring Phase II,
the mean values of depth and sound velocity of the BSC axis were less
than thuse during either Phase 1 or Phase IIl, indicating a greater
influence of the colder Labrador Sea gyre on that portion of the primary
OPAREA near stations A and B. This was caused by a tongue of the
Labrador Sea 7yve that extended well into the Rorth Atlantic Current
gyre parallel to the track during Phase 1i (figure 3). In most cases,
variability of all four parameters along the track during Phases | and
11 was greater than the variability at station B during the two

phases. Similarly, the variability along the track during Phase IIi
was greater than that at station A during this phase. This indicates
that the greatest overall variability in sound velocity structure
cccurred batween stations A and § during all three phases of the
exercise. This variability was caused by the unstable Nerth Atlantic
Current gyre.
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(U) Maximum variability in sound velocity at the DSC axis
over the station B to station A track (8.9 m/sec during Phase III)
is of the same magnitude as the temporal and spatial variability of
this parameter at station D during Thase I (9.5 m/sec). Station D
was located in close proximity to the center of the North Atlantic
Current gyre during Phase 1 (figure 2). During Phase II1, this
yre was found along most of the station B to station A track
?figure 4A). About half the total variability in DSC structure
at station D during Phase 1 is attributable to temporal variations
induced by internal waves, the other helf to changes in the position
of the Subarctic Convergence. This same situation also applies along
the station B to station A track during Phase I111. It is likely
that about half the variability in DSC structure in the vicinity of
stations A and B over the course of NORLANT-72 wa- temporal in nature.
The other half probably was caused by meandering of the Subarctic
Convergence. In addition, variability in DSC structure in the
vicinity of stations A and B over the course of the exercise probably
was most extreme in regions close to the center of the relatively
Jnstable Morth Atlantic Current gyre.

SOUND VELUCITY STRUCTURE NORTHEAST QF PRIMARY QPAREA

A. General Oceanography

(C} During Phase I of the NORLANT-72 Efxercise, SANDS and
various aircraft took a Yine of XBTs and AXBTs to the northeast between .
station B and Qenmark Strait. This track crossed the Subarctic Con-
vergenceat ranges of about 10, 330, 470, and $35 nm from station B
(figure 2). Between ranges of 10 and 330 nim, the track lay within
the relatively cold, dilute Labrador Sea gyre. North of 535 nm, the
track Tay in the warmer, more saline [rainger Current. Between 330
and 535 nm, the track paralleled the Subarctic Convergence i1 a
transitional region hetween the Labradar Sea yyre and the lrmingar
Current, Two T7-5/sound velocity comparisons illustrate the dis-
similar oceanagraphic conditions at opposite ends of the track
{figure 7 at station B and figure 16 in the Irminger Sea). The data
shown in fiqure 7 were collected during Phase [il of the exercise,
and represent conditions in the Labrador Sea gyre {cold side of Sudb-
arctic Convergence). The data shown in figure 16 represent historical
conditions in the Irmiager furrent at 2pproximately thot point where
it braaches the Subarctic Convergence and turns to the south.

(U) At station 3 (tigure 7). ASaW overlies a layer of L(W
between 160 ond BOO m thet in turm overlies a layer of RACH. The
depth of the DSC axis (160 =) caincides with the botlem of the ASaw
laver. No AlM cores ave observabie in the KRACK layer, and there is
no moticeable change in the deep potitive sound velozity gradient
attributable to NSOW. In . Irminger Sea (figure 16), warm, saline
Irzinger Current Water {a derivant of #2(M) does not have nearly as
marked a thermocline or haloclire as ubsterved at station 8, resulting
in 3 nearly isovelocity Jayer between depthe of 10D ard 630 m. The
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depth of DSC axis (620 m) coincides with the bottom of the Irminger
Current Water layer. Below the axis, twn cores of AIW are found at
980 m and 1480 m. These cores are separated by a salinity maximum
that probably corresponds to the core of well~mixed Mediterranean
Internediate Water (MIW). A core of well-mixed MIW has been shown
under the Irminger Current as oxygen minimum by Worthington and

Wright (1970). However, “either the AIW core nor the suspected MIW
core cause an appreciable change in the positive sound velocity gradient
below the DSC axis. Below about 2200 m, NSOW causes a reversal in the
near-bottor positive sound velocity gradient. The effects of NSOW are
particularly evident in the Irminger Sea since this region lies just
south of Denmark Strait, through thich NSOW enters the North Atlantic
Ocean. During summer, near-surface sound velocities in the Irminger
Sea can be up to 10 m/sec higher than those in the Labrador Sea gyre
because of warmer sea surface temperatures. Greater near-surface
sound velocities and'the near-bottom effects of NSOW combine to in-
creasa critical depth at the northern end of the station B to Denmark
Strait teack.

B. Sound Velocity Structure Between Station B and Denmark Strait

(U) Figure 17 shows a series of 15 sound velocity profiles
plotted at their position of observation normal to the station B to
Denmark Strait track during Phase I of NORLANT-72 and a contoured
cross section of these same data. The sound velocity profiles ex-
tend to greater than 3000 m depth, and the contcoured cross section to
1000 m depth. The observations used in figure 17 are identified in
table IX. The bathymetric profile shown in this figure between 0 and
330 nm was taken by SANDS during the exercise. The remainder of the
bathymetric profile is from NAVOCEANO NAR chart 4.

{C) Surface sound velocities varied from about 1473 m/sec in
the center of the Labrador Sea gyre to more than 1490 m’sec at the
northern end of the track. A varfable mixed layer was found at ranges
less than about 350 nm from station B, but generally was absent further
to the north. The depth of the DSC axis varied from 70 m in the
Labrador Sea gyre (profile 4) to about 600 m 1. the Irminger Current
(profile 14). Sound velocity at the axis varied from less than 1465
to more than 1480 m/sec between these same twp profiles. The DSC
structures shown for profiles 13, 14, and 15 are speculative since
these profiles ave based on shallow AXBY data. Critical depth de-
creased from 1150 m at statton B (in North Atlantic Current gyre} to
520 m at a range of about 310 nm from station B, and then increased
to about 1640 m at the northern end of the track. Depth excess along
the entire track was adequate for convergence zone propagation from a
near-surface source. However, further north, the shallower bathymetry
of the Denmark Strait sill should impede convergence zone propagation.
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DATE  TIME LAT  LONG
PROFILE OBSERVATION __ (1972)  (GMT) (°N) _ (°W)
1 SANDS XBT 20 20 Jul 0037 53°69¢  44°49°
2 SANDS XBT 21 20 Jul 0400 54°31'  44°24'
3 SANDS XBT 22 20 Jul 0800 S5°T1'  43°58°
4 SANDS SVP 2 (U) 20 Jul 2200 55°48' 43023
5 SANDS XBT 25 21 Jul 0400 56°08' 42°63'
6 SANDS XBT 26 21 Jul 0806 56°38' 42°02°
7 VXN 8 AXBT 22 21 Jul 1701 56°66'  40°47"
8 SANDS XBT 27 21 Jul 1600 57°44'  40°21"
9 SANDS BT 28 21 Jul 2000 58°16' 39025
10 SANDS SVP 3 (U) 22 Jul 0430 58°2'  38°25'
n VXN-8 AXBT 26 21 Jul 1820 59°41'  37°10
12 VXN-8 AXBT 30 24 Jul 1187  60°59'  35°07°
13 VAN-8 AXET 26 21 Jul 1946  62°19' 32085
14 VAN-B AXBT 27 21 Jul 2029 63°42'  30°51°
5 VP-24 AXBT 66 28 Jul 1782 63°42'  28°15°
Hote: (U) indicates upcast

TABLE IX. IDENTIFICATION OF OBSERVATIQONS USED IN STATION B 70
DENMARK STRAIT CROSS SCCTION (PHASE 1) {(U)
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(U) The overall sound velocity structure along the first half
of station B to Denmark Strait track was not nearly as complex as that
found in the primary OPAREA. A cell with sound velocities less than
1472 m/sec dominated the southern half of the track, and corresponded
to the relatively stable Labrador Sea gyre. This cell was centered at
a range of about 120 nm (profile 4). The large variations in sound
velocity structure below the DSC axis in the contoured cross section
surrounding profile 4 may be a result of data type (i.e., a SVP
bracketed by two XBTs). The effects of the Subarctic Convergence can
be seen in the upward tendency and closure of various isolines at
ranges of about 400 nm from station B. At greater ranges, the overall
sound velocity of the water column increased to the northeast. However,
exact details of sound velocity structure at depths greater than 300 m
are not available uwing to the shallow depth of the AXBT data. NSOW
effects expected at ranges greater than about 400 nm, should cause
anomalous sound velocity structures at depths near or below 2200 m.
Guthrie (1964) shows near-bottom sound velocity reversals in the
Irminger Sea as far south as about 60°N (range of about 430 nm from
station B). Along the northeastern half of the track, a complex sound
velocity structure also would be expected near the depth of the DSC
axis due to mixing along the lower boundary of the Irminger Current.

SOUND VELOCITY STRUCTURE EAST OF PRIMARY OPAREA

A. General Ozeanoqraphy

{(C) During Phases I and II of the exercise, SANDS and HAYES
took lines of XBTs to the east-northeast and east of the primary
OPAREA between station B and the Reykjanes Ridge. The Phase I track
started in the North Atlantic Current gyre and crossed the Subarctic
Convergence at ranges of about 15 and 280 nm from staticn B (figure 2).
The Phase Il track started on the edge of the relatively cold, dilute
Labrador Sea gyre and crossed the Subarctic Convergence at a range of
about 265 nm from station B (figure 3). The eastern halves of both
the Phase I and II tracks lay in the warmer, more saline North Atlantic
Current. Two T-S/sound velocity comparisons illustrate the dissimilar
oceanographic conditions at opposite ends of these tracks: figure 7 at
station B and figure 18 just east of the Reykjanes Ridge crest.

(U) At station B (figure 7) the depth of the DSC axis (160 m)
coincides with the bottom of the ASaW layer. This layer overlies a
tayer of LCW that in turn overlies a layer of NACW below about 800 m.
At station B, AIW is not discernable and NSOW does not have noticeable
effects on the deep positive sound velocity gradient. Because the
data shown in figure 7 were collected during Phase Il of the exercise,
this figure represents conditions in the colder, more dilute Labrador
Sea gyre. East of the Reykjanes Ridge (figure 18), the warmer, more
saline North Atlantic Current occupies the upper 800 m of the water
column, causing considerably higher sound velocities. The depth of
the DSC axis (470 m) corresponds to a salinfty minimum in the NACW
layer. The reason for this salinity minimum is not clear, but it may
be a result of mixing over the eastern flank of the Reykjanes Ridge.
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A second salinity minimum at 800 m marks the bottom of the NACW layer
and results in a secondary sound velocity minimum below the DSC axis.
The salinity maximum at 1000 m corresponds to the well mixed core of
MIW that 1ies above the AIW salinity minimum (about 1500 m). Neither
the MIW salinity maximum or the AIW salinity minimum have noticeable
effects on the positive sound velocity gradient below the DSC axis.
Between about 1600 and 3000 m, the sound velocities shown in figure 18
are up to 1.5 m/sec lower than those shown in figure 7. This is due to
NSOW that enters the noirtheast Atlantic Ocean over the Faerce-Iceland
Ridge. This water mass flows south along the eastern flank of the
Reykjanes Ridge before entering the Labrador Basin through the Gibbs
Fracture Zone (Worthington and Volkmann, 1965; Garner, 1972). During
summer, near-surface sound velocities can be more than 15 m/sec higher
in the North Atlantic Current than in the Labrador Sea gyre. This
resvlts in much greater critical depths at the eastern end of the
station B to Reykjanes Ridge track.

B. Sound Velocity Structure Between Station B and Reykjanes Ridge

(U) Figure 19 shows a series of 10 sound velocity profiles
plotted at their position of observation normal to the station B to
Reykjanes Ridge track during Phase I of the exercise and a contoured
cross section of these same data. The sound velocity profiles extend to
a maximum depth of 1500 m and the contoured cross section to 1000 m. The
bathymetric profile shown in figure 19 is from NAVOCEANO NAR chart 4, as
is the bathymetric profile shown in figure 20 (Phase Il). The observa-
tions used in figure 19 are identified in table X.

(C) During Phase I, surface sound velocities varied from less
than 1477 m/sec in the Labrador Sea gyre to more than 1488 m/sec at
the eastern end of the track. A mixed layer was absent on most of
the profiles. The depth of the DSC axis varied from 90 m in the
Labrador Sea gyre (profile 3) to about 650 m at the eastern end of
the track (profile 10). The scund velocity at the DSC axis varied
from about 1460 and 1482 m/sec between these same two profiles.
However, the DSC structure shown on profile 10 is speculative since
this profile is based on shallow AXBT data. The effects of the Sub-
arctic Convergence are seen in rapid shoaling of sound velocity iso-
lines below the 0SC axis at ranges betweer 200 and 300 nm frnm station B.
At a range of about 390 nm, these isolines deepen again, forming a domed
structure centered on profile 9. This domed structure is apparently
the result of an instrusion of warmer, more saline water at depths of
300 to 500 m. Critical depth decreased from about 1100 m at station 8
to 660 m at a range of _bout 70 nm from station B (center of Labrador
Sea gyre) and then increa.ed to 1800 m at the eastern end of the track.
Except for the region directly over the crest of the Reykjanes Ridge,
depth excess was adequate for convergence zone propagation from a near-
surface source along the Phase I track.
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DATE TIME LAT LONG
PROFILE OBSERVATION (1972)  (GMT)  (°N) (°W)
i SANDS XBT 20 20 Jul 0037 53°59' 44°49'
2 SANDS XBT 21 20 Jul 0400 54°31'  44°24'
3 SANDS XBT 44 25 Jul 1300 54°19' 43°03'
4 SANDS XBT 43 25 Jul 0400 54°44' 40°36'
5 SANDS XBT 42 25 Jul 0000 54°88' 39733
6 SANDS XBT 41 24 Jul 2009 55°09' 38°1%'
7 SANDS XBT 39 24 Jul 1600 B5°20* 37°12'
8 SANDS XBT 38 24 Ju1 1200  55°31*  35°5%°
9 SANDS SVP 4 (D) 24 Jul 0200 55°%5'  34°01°
10 Vp-24 AXBT 62 28 Jul 1592 55°41'  31°49'
Note: (D) indicates downcast

TABLE X. [IDENTIFICATION OF OBSERVATIONS USED IN STATION B TO
REVKJANES RIDGE CROSS SECTION (PHASE I} (U)
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(C) Figure 20 shows a series of 8 sound velocity profiles
plotted at their position of observation normal to the station B to
Reykjanes Ridge track during Phase II of the exercise and a contoured
cross section of these data. The observations used in figure 20 are
identified in table XI. During Phase 1I, surface sound velocities varied
from about 1480 m/sec at station B to about 1493 m/sec east of the
Reykjanes Ridge. A mixed layer at depths between 20 and 40 m was found
on most of the profiles. The depth of the DSC axis probably increased
rapidly to about 600 m a tew nautical miles east of profile 8. The
sound velocity at the axis varied from about 1468 m/sec to about
1481 m/sec between station B and the eastern end of the track. The
tongue with sound velocities less than 1472 m/sec found during Phase II
is much Tess pronounced that the cell with similar sound velocities
found during Phase I (figure 19). This is a direct result of the lesser
eastward extent of the Labrador Sea gyre during Phase II (greater
deveiopment of North Atlantic Current gyre). The effects of the Sub-
arctic Convergence are not as obvious in figure 20 as they are in
figure 19, probably due to the diminished extent of the Labrador Sea
gyre during Phase II. Critical depth during Phase Il varied from
1170 m at a range of about 150 nm from station B to 1840 m east of
the Reykjanes Ridge. ODuring Phase Il, critical depths were 300 to
400 m deeper than those in Phase I due to increased surface insolation.
However, except for the region directly over the Reykjanes Ridge crest,
depth excess along the Phase II track was adequate for convergence zone
propagation from a near-surface source.

(U) During Phase Il of the exercise, sound velocity profiles
at ranges between 200 and 300 nm from station B displayed a bichannel
structure consisting of a sound velocity minimum (upper sound channel)
and an intermediate sound velocity maximum above the DSC axis (profiles 5
and 6 of fiqure 20). Similar structures were found 20% to 80% of the
time in the historical data of this region during summer by Fenner and
Bucca (1971). The upper sound channel axis corresponded to the maximum
depth of summer warming, while the intermediate sound velocity maximum
coincided with a temperature inversion along the Subarctic Convergence
(probably a NACW intrusion). During Phase I, similar sound velocity
perturbations were found at ranges between 200 and 300 nm from station B,
but at depths below the DSC axis (see profiles 6 and 7, figure 19).
These perturbations apparently were caused by intrusions of NACW
across the Subarctic Convergence into the ASaW/LCW layer (Fenner and
Bucca, 197).

(U) During Phase II, the DSC axis was deeper than during
Phase I at ranges greater than about 260 nm from station B. At a
range of about 460 nm from station B, the axis was nearly 400 m deeper
during Phase II than it was in Phase 1. However, in the same region,
sound velocities at the axis were similar during both phases (i.e., 1476
to 1482 m/sec). This anomalous situation is not a function of data type,
data spacing, or the relative position of the Subarctic Convergence.
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DATE  TIME LAT LONG

PROFILE OBSERVATION (1972) (6MT)  (°N) (°W)
1 SANDS SVP 5 (U) 31 Jul 0420 53°59' 44°51°
2 HAYES XBT 49A 3 Aug 0000 54°01' 43°18'
3 HAYES XBT 50 3 Aug 0400 54°06' 41°4%1!
4 HAYES XBT 51 3 Aug 0800 54°08' 40°25'
5 HAYES XBT 52 3 Aug 1200 54°13'  38°33'
6 HAYES XBT 53 3 Aug 1600 54°16'  36°54'
7 HAVES XBT 54 4 Aug 0400 54°29' 32°06'
8 HAYES XBY 55 4 Aug 0800 54°36'  30°25'
Note: {U) indicates upcast

TABLE XI. [IDENTIFICATION OF OBSERVATIONS USED IN STATION B TO
REYKJANES RIDGE CROSS SECTION (PHASE 1I) (V)
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The DSC axis east of the Reykjanes Ridge corresponded to a salinity
minimum near the bottom of the NACW Jayer. However, a perturbation
below the DSC axis coincided with the bottom of the NACW layer (top of
MIW layer, figure 18). Mixing between NACW and transient cells of MIW
probably occurred at the eastern end of the Phase II track. Such
mixing has been observed farther to the south over the Mid-Atlantic
Ridge crest by Katz (1970). Mixing between NACW and MIW can cause
sound velocity perturbations below the DSC axis similar to those found
on profiles 7 and 8 of figure 20 (Fenner and Bucca, 1971). Sound
velocities associated with these perturbations were barely greater than
those at the DSC axis. This indicates that the depth of the DSC axis
is more sensitive to temporal and spatial fluctuations in the environ-
ment than is sound velocity at the axis. This sensitivity to mixing
is one possible explanation for the anomalously shallow depths of the
OSC axis at the eastern end of the station B to Reykjanes Ridge track
during Phase II of the exercise.

(U) The following sound velocity profile statistics (defined
in a previous section) summarize the track as a whole for Phases ] and
II of the exercise:

NO. OF
MINIMUM MEAN MAXIMUM RANGE 0BS.
MLY
(w/sec)
I 1476.5 1482.3 1488.3 11.8 10
11 1485.9 1489.6 1495.2 9.3 8
BSCH
(m)
I 90 150 290 200 g
Il 120 180 250 130 8
pscy
{m/sec)
1 1460.4 14701 1477.0 16.6 bl
11 1468.2 1473.0 14830.9 12.7 8
€b
{m)
{ 660 940 1400 740 10
It 1170 1350 1840 670 8

(*dces not include profile 10)

Statistics on the depth and sound velocity at the DSC axis shown above
de not reflect speculative values of both parameters at the eastern unds

of the Phase [ and Phase Il tracks.

The mean values of all four para-

meters were greater during Phase Il than Phase I owing to increased
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surface insolation and lesser development of Labrador Current gyre
during Phase II. The greater mean depth and sound velacity of the
_ DSC axis during Phase II indicates a seasonal effect on DSC structure
| between station B and the Reykjanes Ridge. Variations of all four
- parameters were greater during Phase I than Phase II, mainly because
of less uniform surface insolation in the region east of station B.
Owing ta the disparity of oceanographic conditions at opposite ends
of the Phase [ and Phase II tracks, variations in all four parameters
over the track were greater than similar variations at station B for
each phase.

SOUND VELCCITY STRUCTURE NORTHWEST OF PRIMARY OPAREA

A. General Oceanography

{C) Ouring Phase III of NORLANT-72, QUEST took a continuous
line of 64 T-7 XBTs northwest of the primary OPAREA into Baffin Bay
and SANDS took a line of XBTs and one {TD/SV station northwest of
station B in the central Labrador Sea. Combined, these data describe
a track that extends nearly 1500 nm from station B to the Carey Islands
in northern Saffin 3ay (figures 4A and 4B). The following T-S/sound
velocity comparisons have been chosen to illuystrate the variable
oceanography along this track:

© o o et = Shmat ot e e i o e o

e Figure 7, located at station 8,

e Figure 21, located at the edge of the Labrador Current
in the central Labrador Sea,

e Figure 22, located in West Greenland Current in the
rorthern Labrador Sea,

o Figure 23, located immediately south of the Davis
Strait sill,

e Figure 24, located in central Baffin Bay, and
e Figure 25, located immediately south of the Larey [slarZ,.

pata shown in figures 7 and 21 were collected during Phase 1T of the
: exercise. 0sts thown in figures 23, 24, and 25 were collected by USCO
‘ EDISTO dyring August 1966 (Paifrey, 19b3). Zach of the Y-S/sound

) velocity comparisons represents conditions in distinct oceancgraphic
regimes along the i500-ma track from station 8 to the Carey Islands.

{U) At statton B (figure 7}, ASaW overlies 2 layer of LCM
(160 to BOO m) thot in turn overlies NACW. The DSC axis {160 m)
coincides with the bottom of the ASad layer. A sound velocity
parturtation below the DSC axis 2t 240 m roughly corresponds with the
LCM ceore. Figure 7 represents oCeanographic conditions just north of
the Subarctic Convergence during Phase !1i.
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(U) In the central Labrador Sea (figure ¢1), the upper 1400 m
of the water column are comprised of LCW. The DSC axis (60 m) coincides
with the temperature minimum in the LCW core. A change in the positive
sound velocity gradient is discernable at about 1600 m, immediately
below the bottom of the LCW layer. This gradient change may be caused
by North Atlantic Deep and Bottom Water that is in the process of
sinking. Data shown in figure 21 were collected northwest of OWS
BRAVO ?56°30'N, 51°00'W). According to Husby (1967), North Atlantic
Deep and Bottom Water is formed north of QWS BRAVO. At a depth of
3000 m, sound velocities shown in figure 21 are approximately 1.0 m/sec
less than those at station B (figure 7) due to a preferential flow
of NSOW under the Labrador Current (Worthington, 1970). Figure 21
represents oceanographic conditions in the Labrador Sea gyre between
about 56°N and 61°N.

(U) In the West Greenland Current (figure 22), the upper
1000 m of the water column consist of a derivative of NACW called West
Greenland Current Water (WGCW). This water mass is formed by mixing of
Irminger Current Water (another NACW derivative) with cold, dilute
waters carried by the East Greenland Current (figure 4A). The warming
effects of the West Greenland Current extend around the southern tip of
Greenland into the northern Labrador Sea, but are not manifest in the
near-surface layer north of about 64°N to 65°N. In the West Greenland
Current, the DSC axis (100 m) correspends to the maximum depth of
summer warming. The core of NGCW is marked by a temperature and
salinity maximum at about 200 m that causes a sound velocity maximum
below the DSC axis. The AIW Tow-salinity core at about 1260 m has
no apparent effect on the deep positive sound velocity gradient.
However, at about 2500 m, sound velocities are approximately 2.0 m/sec
Tess than those at station B owing to a preferential flow of NSOW
under the West Greenland Current (Worthington, 1970}. This preferential
flow is continuous with that found farther to the south under the
Labrador Current. Figure 22 represents oceanographic conditions off
the west coast of Greenland between about 61°N and 63°N.

(U) Oceanographic conditions just south of Davis Strait
(figure 23) are even more complex than these in the primary OPAREA,
because of intensive mixing between various water masses at all depths
and to tidal currents over the shallow Davis Strait continental slope.
The predominant surface current in this strait is the southerly Baffin
Land Current. The northerly flowing West Greenland Current is apparent
at the surface only on the far eastern side of Davis Strait in the
shallow water over the ureenland continental shelf {NAVOCEANQ, 1958).
In this region, the DSC axis (50 m) coincides with the temperature
minimum in the Baffin Land Current Water (BLCW) core. The sound
velocity at the axis shown in figure 23 is nearly 35 m/sec less than
in the West Greenland Current (figure 22) and about 20 m/sec less than
in the Labrador Sea gyre {figure 21). This is due to the extremely
Tow temperature and salinity of the BLCW core (about -1.6°C and 34.45%/ co,
figure 23). Tn the deeper portions of Davis Strait, WGCW is present
as a relatively warm, saline core at depths between 300 and 400 r. This
core is about 2.0°C colder and nearly 0.5°/., less saline than that

59 CONFIDENTIAL

(This psge UNCLASSIFIED)



UNCLASSIFIED

(N) 111 ISYHL ONIING (LNIYYND JOAVEEY 1
40 39Q3) VIS 30aviaVT TWILNID NI WVEOVId S-1
ANV $37140¥d ALIDOT3A ANNOS-ALINITVS-IANLVYEIIWIL " {Z 3¥NDid

(*/0) ALINIITS

265 O0S€ EYE  9¥E  wyL 2¥C O®L  BEC  9ES
T T T T T T Y T }
- (9.1
03S/P0\ | 1**/0)S : - ot
| AS J
2461 15n9NV OF N !
M, 1SeIS 'NbC.LS - .
©AS/QLD SANVS SNSN :2D¥NOS | ;
P v -
MO 40 3HOD oy ! , ’
H3AVT (MDT) H3ivm - { . - 02
LN3HHND ¥GOVHEYT 40 WOLLOS 3 ON3IO31 \ /
- =
- N / . -
" odons 1 1 T T 1%, Nlu /A\u 3 n
2{0G+1- 009 N,
oooe  / 09} —~e § \ : -
oosz-y /O L. og 3 \ :
000224 <, - N . I [ \ ’ — o
AR 57 ov 2 N, SIXV TINNWKD ]
091 021 001 3 { \, QHNOS 4330 .A
—9 ¢ - ﬁ / 1 ,
-l
m N \
i — - -y
3 Y Hid30 / i
| I TS W A R R T ' o= 4 WL oy -
(213 0ss 0»¢ 958 .w - o _.
L**4) ALINITYS - ——, a N, N\ e -
i ! R
,‘tloll.l.tlnl”‘n"::.;uv c 0
T T T T T T T T
91 ¥ 2 o1 9 9 » 2 o
(34) 3BNLVHU3IMIL
ozs! OIS OCS!  O6¥  O8¥L  O«wi 0S¥ 0S¥l Owm

L23S/M ) ALIDON3A QNNOS

{004 X W) H1d30

UNCLASSIFIED

60




UNCLASSIFED

(N) (VIS ¥OAVIEY 1 NYIHIYON) LNI¥END

ANVINIIID LSIM NI WVIODVIQ S-L ANV STI0Ed ALIDOTIA
ANNOS-ALINITVYS-3INLVIZIWIL JIWWNS TVIIIOLSTH "22 N0 1S

$%% ) ALINITYS
(s34 - R 44 9ve (44 Zv [+2 2% RS 91t

! T T T T T T ot
— —
$961 LsnoNY 0% - (™4)S tzart .
M PS.LS N ¥S.I9 } \ I33FS/MIAS .
Ol ‘ON NOILVLS 'D3SNOD - | \ ' 4
{40aVHEEY1S$992}10-69-01 3SINYD Q0D :32UNOS \ oo
s\, A
{MOOM) HMILVM IN3HNND B _ !
GNVINIINO LSIM 40 JHOD =3 - M
(MIV) ¥2ivM ! S
FIVIGINHILNI DILIHY 4O 380D «B-ON3OI I !
’ — / " : —4
T T o - \ .
‘-8 — —
- dz & L | 8 ] : L
M \ :
P — bid pes \ s ‘ ~ O
> Y :
=] t HAd30 N
- -9 % ) IWIILIYD . —
3ol gy T—p, m \ N
[— oS o o1 M e w (1 s.. —
RN D U S o~ | ﬁ N =
vse  Os€ vrE  ObE SIXY JINNVIO B
(**/s) ALINITVS e ONNOS ¢330 {3 -
s S ’ 3
N HV L
T T T T T T T °
91 M 21 ol 9 9 ’ 2

(Do) SHNAVYBISMIL
[oX4~]] 0161 o0s! [s13 4] 08wl (=73 /] o9 Den
(335/M) AL1J003A ONNOS

{QOI1X M) Hid30

UNCLASSIFIED

61




UNCLASSIFIED

(N) LIVILS SIAVA NI WV3OVIQ S-1 GNV S3T140¥d ALIDOT3A
ANNOS-ALINITYS-3INLVYIdWIL ¥IWWNS TYDINOLSIH “€Z RNOH

211 'ON NOILVLS D3SNOD

(0LS1a3 93SN) LOB-IE ISINYUD IQON -ID¥NOS

HIAVT (MGEE) ¥ILVM
d330 AVE NIJ4VE JO dOL #9

ANSHEND ONV NI34VE 4O 3H0D =4
(MOOM) ¥IALYM LNIHHND

T T T 1 T T ] ~
”
- Z- [
™
-t O -
Ry S "
ey {2 g
o o 3
i o
[a)
1 | )i 1 1 1 £ L I i i i 1 1 1 1 1 1 £ 9 -
ovrs oss o2¢ i€ oK
(**%! ALINITVS
("7} ALINSTIYS
gve  9¥E wwE 2Z¥E  O®WE  @EE €%  ¥¥E 28€  ORC
9961 1SNONY I§ : T T T T T I T ]
M,80.65°N,9€.99 !
- -
" (J3S/MIAS (a1 |
1**.)8 Y - SIXY TINNYKD
Hid30 B iely v
. a...v .u/,“ w311 o n.v:.o« e330 |
{MD1°! JIIVM P \ ! Lt 3ovgens
= 3 3<{__ { 3—cC / iy
—— *L 08 |
ONVIN3IYS LSIM 4O 3HOD »3-ON3931 | b
T T o
» & o @ 9 v 2 o z- v-
(Je) INNLIVEIAMAL
00SI  06bi  OF!  OL®l  O9¥l  OF¥l  Owel  CE¥I OIM OIpt

(235/M] ALIDOT3A QNNOS

{001 X M) #1430

UNCLASSIFIED

62




CONFIDENTIAL
(This page UNCLASSIFIED)

shown in figure 22 due to the substantial winnowing out of WGCW between
63°N and Davis Strait sill (a distance of approximately 250 nm),
Palfrey (1968) shows an inflow of WGCW water on the eastern side of
the strait and a substantial outflow of WGCW on the western side of
the strait during the summer of 1966, Data shown in figure 23 are
Yocated in the WGCW outflow postulated by Palfrey. However, seciions
across Davis Strait shown by Bourkland (1968) for summer 1968 do not
substantiate this outfiow. In any case, the WGCW core in the environs
of Davis Strait results in either a sound velocity maximum (as shown
in figure 23 at 360 m) or in @ marked change in the positive sound
velocity gradient below the DS axis. Below the WGCW core, the Davis
Strait region is occupied by Baffin Bay Deep Water (BBDW). This water
mass fills most of Baffin Bay below about 700 m, and is formed by
sinking Arctic Water that enters northern Baffin Bay through Smith
Sound %Bai]ey, 1956). BBOW is even colder and less saline than NSOW,
having a temperature less than 0.8°C and a nearly uniform salinity of
34,45°/,0 {Palfrey, 1968). Some BBDW boluses pulse over Davis Strait
into the northern Labrador Sea to join the southerly flow of NSOW
under the Labrador Current. BBOW can cause a sound velocity minimum
or an isovelocity layer in the Davis Strait region and in southern
Baffin Bay below the WGCW core. At a depth of about 800 m, the sound
velocity shown in figure 23 is about 16 m/sec less than in the West
Greenland Current £figure 22; and about 13 m/sec Tess than in the
Labrador Sea gyre (figure 21) owing to the effects of BBOW.

(U) Figure 23 is specific only for oceanographic conditions
in the immediate environs of Davis Strait (approximately 65°N to 67°N).
An intense transitional zone occurs in the northern Labrador Sea be-
tween about 63°N and Davis Strait. In this transition zone, BLCW
mixes with NGCW, obliterates most of the surface effects of the West
Greenland Current, and causes WGCW to sink. This mixing can lead to
complex and spuricus sound velocity structures above and below the
DSC axis. Furthermore, sinking WGCW and NACW below 500 to 600 m
rapidly mix out boluses of BBOW that penetrate over Davis Strait sill.
Mixing of BBOW with WGCW and NACW can cause abrupt changes in the near-
bottom sound velocity structure.

(U) In central Baffin Bay (figure 24), oceanographic conditions
are much less complex than thgse in the environs of Davis Strait. The
upper 10 to 20 m of the water column in central Baffin Bay during summer
frequently has 2 well-developed thermal mixed layer with temperature
differences as great as 2°C. This thermal Yayer is superimposed on an
extremely strong halocline (0.4°/., or more per meter). These two
factors combine to form a strong positive sound velocity gradient in
the near-surface layer (about 1.3 m/sec/m in the case of figure 24).
Surface effects of the West Greenland Current are confined to a narrow,
poorly defined band off the west coast of Greenland. In central Baffin
Bay, the Baffin Land Current is most pronounced off the east coast of
Baffin Island, since {ts primary source is lLancaster Sound. This
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results in a gyre in the center of Baffin Bay that circulates extremely
cold, ditute BLCW., The DSC axis (50 m)} coincides with the BLCW core.
Sound velocity at the axis approximates that found in the Davis Strait
region, but can be somewhat greater because of increased summer in-
solation in the Baffin Bay gyre. A strong thermocline and haloctine
occur between the bottom of the BLCW layer and the warmer, more saline
WGCW core. This core is still present in central Baffin Bay, but in

a much diminished form with temperatures nearly 2.0°C colder and
salinities nearly 0.2°/,, less than those in Davis Strait (figure 23).
In most of central Baffin Bay, WGCW causes an abrupt change in the
slope of the positive velocity gradient below about 400 m. BBDW
occupies the entire Baffin Basin below a depth of about 700 m. The
extremely low temperature and salinity of this water mass and the
well-developed surface mixed layer combine to cause anomalously deep
critical depths over much of tne Baffin Basin. Figure 24 represents
general oceanographic conditions between about 71°N and 74°N, Between
Davis Strait and 71°N, the upper 200 m of the water column is similar
to that shown in figure 24, but WGCW is present in greater unmixed
concentration between about 300 and 800 m. In this region, WGCW can
cause a sound velocity maximum below the DSC axis and shallower critical
depths than those in central Baffin Bay.

(U) In the region south of the Carey Islands (figure 25),
the general oceanography is similar to that found in central Baffin
Bay with two notable exceptions: the Baffin Land Current and BBDW
are no longer present. In this region, the Baffin Land Current is
replaced by the higher salinity Arctic Water Current (figure 4B)
emanating from Smith Sound and BBDW is in the process of formation.
The DSC axis {70 m) coincides with the Arctic Water core and occurs
at slightly greater depths than in (entral Baffin Bay. Only a
slight remnant of well-mixed WGCW is found just above the bottom south
of the Carey Islands. The sound velocity profile in figure 25 shows
a perturbation below the DSC axis that roughly corresponds with a
temperature maximym and minimym in the same depth range. This sound
velecity perturbation may be cgused by mixing of WGCW and sinking
Arctic Water. At most depths below the DSC axis, sound velocities
shown in figure 25 are lower than those found in central Baffin Bay
(figure 24), largely due to cold Arctic Water throughout the water
column. Generally speaking, figure 24 represents oceanographic
conditions throughout northern Baffin Bay and southern Smith Sound.

{U) In summary, the overall sound velocity structure along
the station B to Carey Islands track is least complicated in the
Labrador Sea gyre, most complicated in the region between about 63°N
and 71°N, and of intermediate complexity in central and northern Baffin
Bay and in the immediate vicinity of station B. The greatest overal}
complexity in sound velocity strueture occurs immediately south of the
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Davis Strait sill (figure 23), where conditions are even more confused
than those in the primary OPAREA. Extreme differences in sound velocities
occur at all depths across Davis Strait, particularly at the DSC axis.
Generally speaking, sound velocity at the DSC axis is greater than

1472 m/sec just north of the Subarctic Convergence and in the region
between about 61°N and 63°N (West Greenland Current). The sound velocity
at the DSC axis lies between 1460 and 1468 m/sec in the Labrador Sea gyre
and between 1450 and 1472 m/sec in the intense transition zone south of
Davis Strait (northern Labrador Sea). North of Davis Strait, sound
velocity at the DSC axis 1s always Tess than 1450 m/sec and can be less
than 1442 m/sec in regions of strong Baffin Land Current or Arctic Water
Current influence.

B. Variability of Sound Velocity at Station E

(C) During Phase III of NORLANT-72, QUEST took a series of 8
T-7 XBTs during a 48-hour period on 24-26 August in the central Labrador
Sea within about 20 nm of station E. Figure 26 shows a time series plot
and a contoured presentation of these data. The time series plot and
the contoured section extend to a maximum depth of about 1000 m. Data
used in figure 26 are identified in table XII. Locations of these data
relative to station E are shown in an insert to figure 26. Since QUEST
was moving northeastward during most of the occupation, the sound
velocity variability shown in figure 26 is a result of both temporal
and spatial variability in the environment.

gc) During the station E occupation, the maximum depth of the
DSC axis (80 m) occurred on profile 8, as did the maximum sound velocity
at the 0SC axis (about 1467 m/sec). The minimum depth and sound velocity
at the 0SC axis {40 m and about 1461 m/sec) occurred on profile 5. At
station E, the DSC axis coincided with the temperature minimum in *he

LCW core. Ouring the occupation, critical depth varied between 510 and
780 m and was sufficiently shallow to aliow unrestricted convergence zone
praopagation from a near-surface source. The following sound velocity
profile statistics summarize conditions over the 48-hour occupation:

NO. OF

MINIMUM MEAN MAXIMUM  RANGE  0BS.

MLV 1475.5 1476.6 1477.2 1.7 8
{m/sec)

DSCO 30 60 80 40 8
(m)

pSCV 1460.9 1462.9 1467.1 6.2 8
(m/sec)

W) 510 660 780 270 8
(w)
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RANGE FROM
DATE  TIME  LAT LONG STATION E
PROFILE _ XBT NUMBER (1972)  (GMT) (°N)___ (°W) (nm)
1 QUEST 7 24 fug 0000 59°03'  51°06' 4
2 QUEST 9 24 Aug 1300 59°05'  51°16' 10
3 QUEST 10 24 Aug 1800 59°08'  51°12" 10
4 QUEST 11 25 fug 0000 59°08'  51°10° 9
5 QUEST 12 25 Aug 0600 59°11'  50°54° 12
6 QUEST 13 25 Aug 1200 59°10'  50°54" 1
7 QUEST 14 25 Aug 1800  59°15'  50°45' V]
8 QUEST 15 26 Aug 0000 59°16'  s5C°42* 19

Note: Nomingl position of station £ is 59°0Q'N, 51°00'W

TABLE X11. IDENTIFICATION GF OBSERVATIONS USED IN PHASE 111l
TIME SERIES STUDY AT STATION £ (U)

69 CORFIGENTIAL




CONFIDENTIAL

(V) varietions in the maximum sound velocity in the mixed
layer and in the depth of the DSC axis were much less than those at
station B during Phases I and Il of the exercise (figure 11). This
is due to the greater stability of the near-surface layer in the
Labrador Sea gyre and the relatively constant degree of surface in-
solation found during late summer. However, variations in critical
depth were of the same magnitude as those at station B during Phases I
and II. This indicates variability in the sound velocity structure
below about 500 m, and further indicates that critical depths at
station £ were more dependent on the positive velocity gradient
below the DSC axis than on near-surface temperatures. Variation
in the sound velocity at the DSC axis was greater at station E
during Phase III than that at station B during either Phase I or II.
This could be caused by intrusions of WGCW near the depth of the DSC
axis or by internal motion. There is some evidence for internal waves
with an approximately 18-hour period at station E in the form of the
various sound velocity isolines beiow the DSC axis. However, intrusions
of WGCW are a more likely explanation for the observed variations in
sound velocity at the DSC axis. During the first 24 hours of the
occupation, sound velocities in the upper 20C m of the water column
were generally less than those during the second half of the occupation.
The four profiles for the second half of the occupation (profiles 5
through 8? all lay to the northeast of station E, towards the main
flow of the West Greenland Current (figure 4A). If an intrusion of
WGCW occurred during the 48-hour occupation of station £, these pro-
files would show the most pronounced effects of this intrusion. Sound
velocity perturbations below the 0SC axis on most of the profiles
further indicate an intrusion of WGCW. The suspected WGCW intrusion
may represent the initial turning of the West Greenland Current to
the south and west to form the Labrador Sea gyre.

C. Variability of Sound Velocity at Station Q-3

{C) QUEST also took a series of 9 T-7 XBTs during a 48-hour
period on 28-30 August within Z0 nm of a station in the northern
Labrador Sea. This is station -3 according to the aperation plan for
Phase 11T of NORLANT-72 (MNaval Underwater Systems Center, 1972).

Figure 27 shows a time series piot and contoured presentation of these
data, both of which extend to the bottom (850 m according to NAVOCEARD
NAR chart 4). Data used in figure 27 are identified in table XIil.
Locations of the data relative to station Q-3 are shown in an insert

to figure 27. Station Q-3 is located in the northern part of the
intense pceancyraphic transition Zone south of Davis Strait. In this
transition zone, BLCW mixes with WGCN in the upper water colyan, and
NACK and sinking WGCW mix with boluses of B8 below 500 to 600 m. This
can result in abrupt chonges in sound velocity structures thrcughouti the
water columh within relatively short distances. Furthermore, a strong
horizontal front occurs in this region at depths of 100 *o 300 m. This
front marks the bottowm of the BLOW layer and is a possible source of
internal waves.
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RANGE FROM

DATE TIME LAT LONG STATION -3
PRO-TLE XBT NUMBER (1972) (GMT)  (°N) (°W) (nm)
1 QUEST 27 28 Aug 0410 64°37'  55°52’ 23
2 QUEST 28 28 Aug 0800  64°59' S&°11° 4
3 QUEST 2% 28 Aug 1200 65°08' 56725 12
4 QUEST 20 28 Aug 1800  64°55'  55°49° 7
5 QUEST 31 29 Aug  00CO  65°00'  56°07' 3
o QUEST 32 29 Aug 1230  64°53'  56°04° 7
7 QUEST 33 29 Aug 1800  64°43'  55°32° 20
8 QUEST 34 30 Aug  00G0  64°42'  85°57° 18
9 QUEST 35 30 Aug 0400 e5°21' 55°s7! 21

Note: Nominal position of station -3 is G5°00'N, 36°09'W

TABLE AI111. JDENTIFICATION OF OBSERVATIONS USED IN PHASE IlI
TIME SERIES STUDY AT STATION Q-3 (u)
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(C} The following sound velocity profile statistics summarize
conditions during the 48 hour occupation of station Q-3:

NO. OF
MINIMUM MEAN MAXIMUM  RANGE  0BS.
MLV 1458.6 1461.5 1466.9 8.3 9
(m/sec)
DSCD 40 60 80 4 g
(m)
DSCY 1443.2 1446.7 1451.1 7.9 9
(m/sec)
ch 180 220 270 90 9
(m)

The maximum depth of the DSC axis (80 m) occurred on profiles 1 aad 9,
while the meximum sound velocity at the axis (about 1451 m/sec)}

occurred on profile 1. Sound velocity at the axis on profile 3 was

only 0.5 m/sec greater than that for profile 1. The minimum depth of
the axis (40 m) occurred on profiles 6 and 8, while minimum sound
velocity at the axis (about 1443 m/sec) was found on profile 4. The
diverse positions of these five profiles is an indication of extreme
temporal and spatial variability in sound velocity at station {}-3.

The DSC axis at this station coincided with the temperature minimum

in the BLCW core. Both the depth and sound velocity at the DSC avis
showed a 10- to 14-hour periodicity during the occupation, indicating
possible effacts of internal waves. Effects of internal waves also

are evident in the torm of the 1460 through 1480 m/sec sound velocity
isolines below the DSC axis. Thesa internal waves probably were generated
along the front marking the bottom of the BLCW laver, and have a period
approimating that of diurnal tides in the northern Labrador Sea
(NAVOCEAND, 1965a). However, internal waves are not solely responsible
for the observed variability in DSC structure. Ouring the 5.5-hour
period betwezn 1230 and 1800 on 30 August the sound velocity at the

DSC axis varied by 4.2 m/sec while the depth of the DSC axis remained

at a constant 45 m, This variation is not a result of internal motion,
but probebly was caused by an intrusion of WGCW into the Baffin Land
Current. The total variability in DSC structure at station Q-3
apparently was the result of temporal and spatial variations in the
environment {i.e., caused by internal waves and intrusions of WGCW into
the Baffin Land Current). <{ritical cdepths varied between 180 and 270 m,
and also showed a 10- to 14-hour periodicity during part of the occupation
of station Q-3. Ouring the entire occupation, depth excess was adequate
for convergence zone propagaticn from a near-surface source despite the
shallow bottom depth (85C m).
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(U) Overall variations in maximum sound velocity in the mixed
layer and the sound velocity at the DSC axis at station Q-3 were greater
than those at station E during Phase III (figure 26) or at station B
during either Phases I or II ?figure 11). This indicates that the
sound velocity structure of the upper water column is more complex
in the northern Labrador Sea than in the central (labrador Sea or in
the region immediately north of the Subarctic Convergence. The
statistics on the depth of the DSC axis at station Q-3 were identical
to those at station E during Phase I[I. The DSC axis probably re-
presents the maximum depth of summer warming at both stations.
Variation in critical depth at station Q-3 was less than that at
station E during Phase III, despite the much greater variation in
near-surface sound velocity at station Q-3. This indicates thet
critical -depths at station Q-3 are more dependent on the positive
velocity gradient below the depth of the DSC axis thar on near-surface
temperatures, and that critical depth was relatively stable south of
Davis Strait. At station Q-3, critical depth occurs at the approximate
depth of the horizontal front demarking the bottom of the BLCW layer.
Below the depth of this front, the sound velocity structure showed
substantial variation due to mixing of NACW and sinking WGCW with
boluses of BBDW descending south from Davis Strait. The nearly iso-
velocity layer near the bottom on several profiles shown in figure 27
probably was the result of BBODW boluses mixing with NACKW below the
depth of the WGCW core. The WGCW core also caused the marked charge in
positive sound velocity gradient at depths delow 400 m at station Q-3.

\U) The 7.9 m/sec variation in sound velocity at the DS axis
during the 48-hour occupation of station Q-3 is of the same general
magnitude as the 9.5 m/sec variation i1n this parameter at station D
over about 48 hours during Phase I (figure 10). The magnitude of
both variations 1s approximately double that at station B during
Phases { or II. At station D, about 45% of the total variability in
DSC structure was attributable to internal wave action, the remaining
55% tu spatial variations in the position of the Subarctic Convergence.
At statiun Q-3, probably about half of the variability in DSC structure
was caused by internal waves, The other half apparvently resulted from
intrusions of WGCKW into the Baffin Land Current. About A0 mm north of
station Q-3 on the soythern edge of Davis Strait, oceanographic con-
ditions are even more comg]ex than those at vtation Q-3 or in the
primary OPAREA (fiqgure 23). Even greater variability in DSC structure
would be ey, ected at about 66°N than 60 nm southward at station Q-3.

0. Sound Yelocity Structure Between Station B and Carey Islands

{C) Figure 28 shows a series of 39 sound velocity profiles
plotted at their position of observation along a track from station B
to Carey lslands, Baffin Bay, during Pnase Il of the exercise and a
contoured cross section of these same data. This section is not a
straight line, but rather a series of six doglegs that describe the
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track of QUEST (figures 4A and 4B)., The sound velocity profiles ex-
tend to a maximum depth of 2000 m in the case of profile 1 and to a
maximum depth of about 850 m for the remainder of the observations.

§ The contoured sound velocity cross section extends to a depth of 1000 m.
Observations used in figure 28 are identified in table XIV. The bathy-
metric profile shown in this figure was taken from the following
sources:

¢ NAVOCEANO NAR Chart 4,
# o NAVOCEANO Bathymetric Contour (BC) Chart 415,
¢ General Bathymetric Chart of the Ocean (GEBCO) Chart B-1, and

¢ Canadian Hydrographic Service Chart 896 (Arctic Bathymetry
north of 72°, 0° to 90°W).

¢ The three major physiographic features along the track are the Labrador
Basin, the Davis Strait sill, and the Baffin Basin.

(C) Since figure 28 extends 1500 nm across several distinct
and diverse cceanographic regimes, it will be discussed in the following
sections:

1. Near-Subarctic Convergence section, ranging 140 nm
northyestward from station B (about 54°N to 56°N along the figure 28
track),

(ab 6 2. ]La?1:dor Se- yyre section, vranging from 140 to 520 m
about 56°N to 61°N),

3. West Greenland Current section, ranging from 520 to
€20 nm (about 61°N to §3°N),

4. North Labrador Sea section, ranging from 620 to
760 nm (about 63°N to 65°N),

( 5. ga;is Strait section, ranging from 760 to 880 nm
about 65°N to 67°N),

6. Southern Baffin Bay section, ranging from 880 to
1130 nm (about 67°N to 71°N),

7. Central Baffin Bay section, ranging from 1130 to
1380 nm (about 71°N to 75°N), and

8. Horthern Baffin Bay section, ranging from 1380 nm to
the Carey Islands (about 75°N to about 76°45'N).
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DATE TIME LAT LONG

PROFILE ABT NUMBER {1972) (GMT) (°N) (°W)
1 SANDS 122 1 Sep 0010 53°58' 44°46'
2 SANDS 120 21 Aug 1600 54°25" 45°57'
3 SANDS 119 31 Aug 1200 54°50" 46°48'
4 SANDS 118 31 Aug 0800 55°17! 47°55'
5 QUEST 1 22 Aug 201 55°55" 47°37'
6 QUEST 3 23 Aug 0400 56°38' 47°30!
7 QUEST 4 23 Aug 1200 57°37' 48°51"
8 QUEST 5 23 Aug 1600 58°07" 49°40°
9 QUEST 6 23 Aug 2000 58°36" 50°25'
10 QUEST 7 24 Aug 0000 59°03' 51°06'
1 QUEST 16 26 Aug 0400 59°29' 51°30'
12 QUEST 17 26 Aug 0800 60°00' 52°14"
13 QUEST 18 26 Aug 1200 60°23" 53°07'
14 QUEST 21 27 Aug 0200 50°53" 54°04'
15 QUEST 22 27 Aug 0800 61°31" 54°14'
16 QUEST 23 27 Aug 1240 62°23' 54°38'
17 QUEST 24 27 Aug 1600 62°53' 54°59'
18 QUEST 25 27 Aug 2000 63°32' 55°15"
19 QUEST 26 28 Aug 0200 64°13' 56044
20 QUEST 2 28 Aug 0410 64°37' 55°562'
21 QUEST 29 28 Aug 1200 65°08' . 56°256'
22 QUEST 36 30 Aug 0800 65°55' 55°56"
23 QUEST 39 31 Aug 0045 66°25" 57°56'
24 QUEST 40 31 Aug 0410 66°56' 58°23"
25 QUEST 41 31 Aug 0800 67°40' 58°54"
26 QUEST 42 31 Aug 1200 68°23' 59°15!
27 QUEST 43 31 Aug 1600 68°58' 60°03'
28 QUEST 44 31 Aug 2000 69°32' 60°14'
29 QUEST 45 1 Sep 0000 70°05" 61°07'
30 QUEST 48 1 Sep 2115 70°35' 61°40"
3 QUEST 51 2 Sep 1215 71°08' 63°14"
32 QUEST 52 2 Sep 1600 71°34' 65°09'
33 QUEST 53 2 Sep 2000 72°00" 67°00'
34 QUEST 56 4 Sep 0415 73°05' 65°00"
35 QUEST 57 4 Sep 0800 73°38" 64°35'
36 QUEST 60 5 Sep 0000 74°18' 66°12"
37 QUEST €1 5 Sep 0400 74°40" 68°29'
38 QUEST 64 5 Sep 1800 74°59' 71°00"
39 QUEST 65 & Sep 0000 75°27" 70°28'

TABLE XIV. TIDENTIFICATION OF OBSERVATIONS USED IN STATION B TO
CAREY ISLANDS CROSS SECTION (PHASE III) (V)
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A1l eight sections are indexed in figures 4A and 4B. Sections 1, 2, 3,
5, 7, and 8 are represented by T-S/sound velocity comparisons that
have been discussed previously (figures 7, 21, 22, 23, 24, and 25,
respectively). Sections 4 and 6 are regions of transitfon located on
either side of Davis Strait. Sound velocity profilz statistics on the
maximum sound velocity in the mixed layer, the depth and sound

velocity of the DSC axis, and critical depth for each of the eight
sections are summarized in table XV. Statistics for sections 3, 5,

and 8 may be misleading owing to the small number of observations.

(U) Section 1 of figure 28 extends northwest of station B to
a range of about 140 nm and includes profiles 1 through 5. Although
the entire section lay on the cold side of the Subarctic Convergence
during Phase III of NORLANT-72, it was influenced by a tongue of the
North Atlantic Current gyre (figure 4A), particularly at a range of
about 80 nm from station B. A mixed layer occurred along the entire
section between depths of 20 and 50 m and at sound velocities between
about 1479 and 1488 m/sec. The mixed layer was best defined near the
Subarctic Convergence. The depth of the DSC axis varied between 100
and 180 m and generally decreased to the northwest. The sound velocity
at the axis decreased to the northwest from about 1472 m/sec near the
Subarctic Convergence to about 1466 m/sec at 56°N. Critical depth
varied between 820 and 1250 m and generally decreased to the northwest
of station B. Along this section, the DSC axis coincided with the
bottom of the ASaW layer (figure 7), and the positive sound velocity
gradient below the DSC axis was relatively free of perturbations. The
effect of the Subarctic Convergence can be seen in the domed sound
velocity structure on either side of profile 2 below the axis.

(U) Section 2 of figure 28 extends northwestward across the
Labrador Basin between ranges of 140 and 520 nm from station B, and
includes profiles 6 through 14. Station E lies in the approximate
center of this section. The entire section lay within the relatively
stable Labrador Sea gyre during Phase III, and was bounded on the
north by a strong oceanographic front demarking the southwest wall
of the West Greenland Current. This front extended to depths of at
least 500 m. A mixed layer occurred throughout the section at about
40 m depth with sound velocities between about 1474 and 1482 m/sec.
This mixed layer was best developed in the northern half of the section.
The depth of the DSC axis varied between 60 and 80 m and did not show
any marked dependence on increasing latitude. Sound veiocity at the
axis generally decreased to the northwest from greater than 1465 m/sec
at 56°N to less than 1460 m/sec along the West Greenland Current front.
Depth and sound velocity at the axis showed less variation in section 2
than in section 1 because of more stable oceanographic conditions in
the Labrador Sea gyre. Critical depth varied from 1060 to 390 m
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northwest across the Labrador Basin., The 670 nm variation in critical
depth observed over section 2 (maximum for any section) was mainly
caused by variations in the positive sound velocity gradient below the
DSC axis. 1In this section, the DSC axis coincided with the depth of
the temperature minimum in the LCW core (figure 21). Frequent
perturbations in the sound velocity profile immediately below the
axis probably were caused by intrusions of WGCW into the Labrador Sea
gyre. Such intrusions were observed during a 48-hour occupation of
station E in Phase III (figure 26). Mean values of maximum sound
velocity in the mixed layer, the depth and sound velocity of the DSC
axis, and critical depth at station E agreed well with mean values

of these parameters over the extent of section 2. This indicates

that station E was a representative site for the Labrador Sea gyre
during Phase III.

{(U) Section 3 of figure 28 extends up the continental slope
of the northern Labrador Sea between ranges of 520 and 620 nm from
station B. This section includes profiles 15, 16, and 17. Section 3
lay within the flow of the West Greenland Current during Phase III,
and was bounded on the south by a strong oceanographic front
separating this relatively warm, high-salinity current and the
colder, less saline Labrador Sea gyre. At about 63°N this section
merged into the intense northern Labrador Sea transition zone. A
mixed layer occurred on all three profiles at a depth of about 40 m
with sound velocities between about 1469 and 1476 m/sec. The depth
of the DSC axis fluctuated between 60 and 80 m across the section,
while sound velocity at the axis varied from about 1474 m/sec (profile 15)
to about 1469 m/sec (profile 16) over a distance of about 44 nm. Critical
depth continued to shoal to the north from 270 m at about 61°N to 100 m
at about 63°N. Profile 15 represents the maximum effects of the West
Greenland Current along the station B to Carey Islands track and
generally agrees with historical summer data for the West Greenland
Current in the northern Labrador Sea shown in figure 22 and in
NAVOCEANO (1965b). Sound velocity at the DSC axis on profile 15
was about 15 m/sec greater than that on profile 14 (section 2).
These two profiles were separated by the strong West Greenland
Current/Labrador Sea gyre front. This front caused the closure of
the 1460 through 1472 m/sec sound velocity isclines and resulted in
the pronounced domed structure of the 1474 through 1480 m/sec iso-
Tines below the DSC axis. Profile 14 is atypical for the Labrador
Sea gyre and probably lay in a detached, well mixed gyre of the Baffin
Land Current that penetrated the Labrador Sea gyre during Phase III.
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(U) Section 4 of figure 28 extends up the relatively shallow
continental slope south of Davis Strait between ranges of 620 and
760 nm from station B, and includes profiles 18 through 21. Station Q-3
lies at the northern end of this section. This section crossed the
intense oceanographic transition zone in the rorthern Labrador Sea
found during Phase III. Since profile 17 represents the effects
of the West Greenland Current in this transition zone, the profile has
been included in all section 4 sound velocity profile statistics.
Within this transition zone, the Baffin Land Current mixes with and
obliterates the surface effects of the West Greenland Current. This
leads to sinking of the WGCW core. Below about 500 m. sinking WGCW
and NACW mix with and obliterate boluses of BBDW descending from
the Davis Strait sill. In addition, tidal effects in the relatively
shallow water south of Davis Strait ca;n induce formation of internal
¥aves along the horizontal front that marks the bottom of the BLCW
ayer.

(U} Extremely large temporal and spatial variations in the
overall sound velocity structure occurred south of Davis Strait during
Phase III. A mixed layer occurred on four of the five sound velocity
profiles at a depth of about 20 m, and was best developed on the
northern two profiles of the section. Over the sec*ion as whole,
sound velocity at the mixed Tayer showed a variation of 10.8 m/sec,
the maximum such variation on any section of figure 28. This extreme
variation was caused by intense mixing in the near-surface layer. The
depth of the DSC axis varied between 40 and 80 m and coincided with
the BLCW temperature minimum on all five profiles. Sound velocity
at the axis varied from less than 1467 m/sec on profile 17 to about
1446 m/sec on profile 21. Critical depth increased from 100 m at
about 63°N to 220 m at about 65°N and generally corresponded to the
horizontal front marking the bottom of the BLCW layer. A similar
situation was observed at station Q-3 during Phase 111 (figure 26),

(C) The 20.9 m/sec variation in sound velocity at the DSC axis
across section 4 is the maximum variation in this parameter found any-
where in the exercise area. This variation is more than twice the
magnitude of that at station Q-3 during Phase III (figure 26). It is
also about twice the maximum variation in the sound velocity at the DSC
axis found in the primary OPAREA (9.5 m/sec at station D during Phase I,
figure 10). This remarkably large variation occurred over a distance
of about 155 nm within 20 hours. Such a phenomenal amount of charge
could only be the result of tremendous amounts of mixing between
various intrusive water masses. Much of this mixing must have been
induced by internal waves. This mixing is apparent in the irregular
and varied shapes of sound velocity profiles 17 through 21 and in the
confused pattern of sound velocity isolines throughout section 4. The
intense sound velocity variability south of the Davis Strait should
have pronounced effects on sound transmission.
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(C) Section 5 of figure 28 spans the shallow Dcvis Strait sill
between ranges of 760 and 880 nm from station B, and includes profiles
22, 23, ard 24, The overall sound velocity profiles in this region were
very complex, but only below the DSC axis. Various perturbations in the
positive sound velocity gradient below about 100 m were caused by
inflowing WGCW, outflowing BBDW, or mixing of these water masses
(figure 23). A well-developed mixed layer occurred on all three
profiles at about 20 m depth and at sound velocities between about
1451 and 1461 m/sec. The 10.2 m/sec range in the sound velocity at
the mixed Tayer was caused by mixing between the West Greenlanu
Current and Baffin Land Current in the near-surface layer. The wean
depth of the DSC axis was 70 m. Sound velocity at the axis varied
between about 1441 and 1446 m/sec. The magnitude of this variation is
about one-fifth that of section 4. The greater stability of the DSC
axis along section 5 was due to the overwhelming presence of BLCW
at depths of about 30 to 200 m. On all three profiles, the DSC axis
coincided with the BLCW temperature minimum. Critical depth in
section 5 varied between 140 and 240 m owing to variations pelow the
BLCW core and variations in the near-surface layer. The near-bottom
sound velocity maximum on profile 23 was caused by WGCW flowing north-
ward over the Davis Strait sill into southern Baffin Bay. The near-
bottom isoveiscity Yayer on profile 24 resulted from mixing of WGCW
and BBDW. 'nflow of WGCW over the Davis Strait sill is evident in
the forn of the 1464 through 1472 m/sec sound velocity isolines below
the DSC axis, particularly in the region just north of the Davis
Strait si11. Although near-bottom flow does not directly affect
critical depth over the Davis Strait sill, limited depth excess (less
than 200 m) and variation of the near-bottom sound velocity profile
could impede underwater sound transmission between the Labrador Sea
and Baffin Bay during Phase III.

(U) Section 6 of figure 28 extends generally north-northwestward
across southern Baffin Bay between ranges of 880 and 1130 nm from
station B, and includes profiles 25 through 30. In this region, the
upper 200 m of the water column are dominated by BLCK. Between about
200 and 700 m, BBDW mixes with a tongue of inflowing WGCW and eventually
winnows out most of the WGCW core., Below about 700 m, southern Baffin
Bay 1s occupied by relatively uniform BBOW. ODuring Phase 111, a well-
developed mixed layer was found on all profiles in this sectin. at
10 to 20 m depth with sound velocities between about 1452 and 1459 m/sec.
On profile 25, sound velocity varied from 1441.6 m/sec at the surface to
1457.7 m/sec at 20 m (gradieni of about 0.8 m/sec/m). This was the
maximum such gradient observed in the NORLANT-72 data and was caused
by a temperature maximum inbedded in an extremely strong halocline.

Even stronger positive sound velocity gradients in the near-surface
layer were observed in historical data (figure 24). The DSC axis
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generally deepened to the north across section 6 from 40 m at about
67°N to 90 = at about 71°N. This abnormal increase probably was
caused by a less pronounced flow of the Baffin Land Current in the
northern part of the section (southern edge of Baffin Bay gyre).
Sound velocity at the DSC axis varied between about 1440 and 1445 m/sec,
and was generally less in the southern part of the section. Critical
depth remained relatively constant across the section (mean depth of
220 m) and corresponded to the horizontal front marking the bottom of
the BLCW layer. Below about 300 m, the northerly flow of HGCW is
strongly indicated by the shapes of the 1464 through 1472 m/sec

sound velocity isolines. At a range of about 1060 nm from station B,
this inflaow apparently was forced to rise in the water column by a
flow of BBDW (sound velocities less than 1467 m/sec). Mixing of WGCW
and BBDW caused extremely irregular sound velocity structures below
about 300 m throughout southern Baffin Bay.

(U) Section 7 of figure 28 extends north-northwestward to
northwestward across central Baffin Bay at ranges between 1130 and
1380 nm from station B, and includes profiles 31 through 36. This
section 1ies over the relatively deep water of Beffin Basin and within
the Baffin Bay gyre. The upper 200 m of the water column along
section 7 is dominated by the Baffin tand Current. However, in central
Baffin Bay, this current is far better defined off the east coast of
Baffin Island (figure 4B). In central Baffin Bay, the WGCW core is
much Tess pronounced than the core farther to the socuth. The entire
Baffin Basin below about 700 m is occupied by BBDW. Ouring Phase III,
a well developed mixed layer at depths of 10 to 20 m was found on all
profiles at sound velocities between about 1462 and 1469 m/sec. Mean
sound velocity in the mixed layer in section 7 exceeded that in
sections 4, 5, or 6, due to decreased surface effects of the Baffin
Land Current and extremely low salinities in the upper 20 m of the
water column (generally less than 30°/co, figure 24). The depth of
the DSC axis varied between 40 m on profile 35 and 130 m on profile 36.
This 90-m variation (maximum variation for any section of figure 28)
probably caysed by variations in the flow of the Baffin lLand Current.
Sound velocity at the DSC axis generally increased to the north from
about 1440 m/sec on profile 31 to about 1444 m/sec on profile 36.
Mean critical depth for section 5 (750 m) was greater than that on
any other section except section 1. Anomalously deep critical depths
in central Baffin Bay were caused by an increase in the sound velocity
of the near-surface layer and the predominance of cold, dilute BBOW over
WGCW at intermediate depths. Critical depth approximately corresponded
to the top of the BBOW layer throughout the section. The large variation
in critical depth (540 m) along section 7 was caused mainly by changes
in the near-surface sound velocity structure. The marked change in the
positive sound velocity gradient between about 300 and 500 m corresponded
to the depth of the much diminished WGCW core in central Baffin Bay.
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(C) The final section (section 8) of figure 28 extends north-
westward from a range of 1380 nm from station B to the Carey Islands
in northern Baffin Bay. This section includes profiles 37, 38, and 39.
The general sound velocity structure of northern Baffin Bay {s similar
to that in central Baffin Bay despite the absence of the Baffin Land
Current and BBOW. These water masses are replaced by Arctic Water
from Smith Sound. Only a slight, well-mixed core of WGCW is present
south of the Carey Islands (figure 25). During Phasz III, a mixed
layer at about 10 m depth was found on all three profiles at sound
velocities of about 1458 to 1460 m/sec. The variatiorn in the maximum
sound velocity in the mixed layer (2.5 m/sec) was the minimum such
variation found in any section due to the surface stability of the
Arctic Water Current. The depth of the DSC axis decreased to the
north across section 8 from 110 m on profile 37 to 50 m on profile 39
and coincided with the temperature minimum in the Arctic Water core.
The sound velocity at the axis also decreased to the north, but
varied only 0.7 m/sec. This extremely small variation (minimum for
any section of the track) further indicates the stability of the
Arctic Water Current. Sound velocity perturbations below the DSC
axis on profiles 37 and 38 probably were caused by mixing of Arctic
Water and the well-mixed WGCW core. (ritical depth also decreased to
the north along section 8 from 330 to 280 m and generally corresponded
to the bottom of the Arctic Water layer. However, owing to the shallow
bathymetry of northern Boffin Bay, convergence zone propagation from
a near-surface source probably was impeded north of about 75°N during
Phase III.

{C) Qver the 1500 nm track from station B to Carey lslands in
northern Baffin Bay, maximum sound velocity in the mixed layer varied
from 1487.7 m/sec (near station B) to 1451 m/sec (in Davis Strait}).

The maxinum value of this parameter was found in close proximity to

the North Atlantic Current gyre, the minimum occurred in the Baffin
tand Current. The depth of the DSC axis varied from 180 m (near
station B) to about 40 m at several locations north of Davis Strait

and frequently coincided with the depth of a temperature minimum in

the LCW, BLCW, or Arctic Water zores. However, the relatively constant
depth of the axis along the track (variation of only 140 m) indicates
that this parameter yenerally corresponded to the maximum depth of
summer warming in the region northwest of the primary OPAREA. Sound
velocity at the DSC axis varied from 1473.8 m/sec (in West Greenland
Current) to 1440.2 m/sec (in central Baffin Bay), a total variation

of 33.6 m/fsec. Critical depth generally shodled from 1250 m near
station B to 100 m south of Davis Strait. OQOver the Davis Strait sili
and in southern Baffin Bay, critical depth remained relatively constant
between 140 and 240 m. However, over the Baffin Basin, critical depth
increased marked!y to a maximum of 920 m because of higher sound
velocities in the near-surface layer and the effects of extremaly cold,
dilyte BBON. In northern Baffin Bay, the mean critical depth was 310 m,
Generally, critical depths along the track were as dependent on the
positive sound velocity gradient below the 0SC axis as they were on
near-surface temperatures. Except for regions over the Davis Strait
sill and just south of the Carey Islands, depth excess was adequate

for convergence Zone propagation from a near-surface source during
Phase I1I.
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(C) Along the entire track, overall sound velocity structure
was least variable in the Labrador Sea gyre (section 2} and most
variable south of Davis Strait (section 4). Sound velocity at the
DSC axis varied by 20.9 m/sec over & distance of about 155 nm south
of Davis Strait. This variation is about twice the magnitude of the
maximum variation found in the primary OPAREA and is more than three
times that at station E in the Labrador Sea gyre. Furthermore, this
variation is about two-thirds that over the track as a whole. Such a
phenomenal amount of variation can only be caused by intensive mixing
between several water masses. About half of this mixing probably is
induced by internal waves. An intense oceanographic transition zone
south of Davis Strait should have profound effects on sound propagation
in the northern Labrador Sea and on transmission of underwater sound
from the Labrador Sea across Davis Strait into Baffin Bay during
summer,

SUMMARY

(C) From July through September 1972, 3 STDs, 6 CTD/SVs, 10 SVPs,
266 XBTs, and 154 AXBTs were collected in the Labrador Sea, Irminger
Sea, and Baffin Bay as part of the NORLANT-72 Exercise. These ob-
servations were collected during three phases that corresponded to
early, middle, and late surmer. Sound velocity profiles were
calculated for 163 XBT and AXBT traces using the equation of Wilson
(1960) and historical salinity correction factors. Agreement was
generally good between calculated sound veloacity profiles and sound
velocities measured directly by the CTD/SV and SYP systems. However,
calculated sound velocities below the DSC axis were 0.5 to 1.0 m/sec
highar than measured values in several instances, possibly because of
an errgr in Wilson's equation and XBT system inaccuracies. Data were
adequate for intensive sound velocity analyses in the following
regtons:

® The primary OPAREA (50°N to S5°N betwaen 44°K and 49°W)
including stations A, B, and D,

e A track between station B and Denmark Strait,
e A track between station B and Reykjanes Ridge, and

8 A track between station B and the (arey Islands in
porthern Baffin Bay.

In the primary OPAREA, data were collected during all three phases of
the exercise. On the track from station B to the Raykjanes Ridge, data
were available during Phases I and I1. [Data were adequate for analysis
during Phase I to the northeast of station B and during Phase III to
the northwest of this station.
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(U) During all three phases the primary OPAREA was dominated by
the meandering Subarctic Convergence. This strong oceanographic front
separated an unstable gyre of the relatively warm, saline North Atlantic
Current from the colder, less saline Labrador Sea gyre. Intensive
mixirg of North Atlantic Central Water (NACW), Labrador Current Water
(LCW), and Atlantic Subarctic Water (ASaW) across the Subarctic
Convergence caused very complex and spurious sound velocity profiles
in the primary OPAREA throughout the exercise. Near-bottom sound
velocity profiles in much of the primary QPAREA were affected by a
flow of cold, dilute Norwegian Sea Overflow Water {NSOW) that enters
the western North Atlantic through Denmark Strait. This water mass
caused lower sound velccities below a depth of about 2200 m that were
most pronounced in the North Atlantic Current gyre and under the main
fiow of the Labrador Current, but did net directly affect critical
depths.

(C) At stations A, B, and 0, the 0SC axis coincided with the
bottom of the ASalW layer whether the stations lay on the warm or cold
side of the Subarctic Convergence. At station A during Phase [II, the
depth of the DSC axis varied between 150 and 220 m, and sound velocity
at the axis varied from 1470.4 to 1474.7 m/sec {variation of 4.3 m/sec).
At station B during Phases T and II, the depth of the DSC axis varied
between 80 and 360 m, while its sound velocity varied between 1469.3
and 1473.6 m/sec {also a variation of 4.3 m/sec). Station A lay astride
the Subarctic Convergence during Phase [{l, as did station B during
Phase 1. OQDuring Phase II, station © la; just ncrih of this front.

At station D during Phase I, the DSC axis varied between 100 and 380 m
during the total occupation and its sound velocity varied between
1466.7 and 1476.2 m/sec (a variation of 9.5 m/sec over less than

48 hours). Station D also lay astride the Subarctic Convergence during
Phase I, but in close proximity to the center of lhe unstable North
Atlantic Current gyre. The unstable natyre of this gyre and mixing
across the Subarctic Convergence were responsible for the maximum
vartation in sound velocity at the 0SC axis found anywhere in the
primary OPAREA. About 45% of the variatien in USC structure at
station D during Phase | was attributable to temporal effects {mixing
induced by intc 'nal waves with a period approximating that of the
diyrnal tide}. The other 5% was due to spatial effects (changes

in the positicn of the meandering Subarctic Convergence). OUapth
eacess was adequate for convergence zone propagation from a near-
surface source at all three stations throughout the uxercise.

(C) Data were adequate during all three phases to construct a
sound velocity cross section from station B te station A (due south)
to Grand Banks (southwest of station A). This section crossed the
North Atlantic Current gyre and the Labrador Current northeast of
Grand Banks during each phase. A sporadic rixed layer at depths
between 10 and 70 m occurred along the track throughout the exercise,
This layer was best daveloped and most persistent during Phase II[ in
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response to increased surface insolation. The depth of the DSC axis
along the track remained somewhat similar during each phase, and
varied from a maximum of 320 to 420 m in the North Atlantic Current
gyre to a minimum of 30 to 50 m northeast of Grand Banks. In the
Labrador Current, the DSC axis coincided with a temperature minimum

in the LCW core. Sound velocity at the axis along the track showed

a signifticant variation between phases of the exercise. In the

North Atlantic Current gyre, this parameter varied between 1475.4 m/sec
(Phase I) and 1480.2 m/sec (Phase iIl}. In the Labrador Current, the
sound velocity at the axis varied between 1444.6 m/sec (Phase II)

and 1455.4 m/sec {Phase I). These variations are attributable to
changes in position of the Subarctic Convergence, fluctuations in
Labrador Current flow. and increased development of the North Atlantic
Current gyre. Critical depths along the track were about 400 m

deeper during Phase III than during Phase | owing to increased surface
insclation. However, depth excess along the entire track was adequate
for convergence zone propagation from a near-surface source during each
of the three phases of NORLANT-72, except at the southwest end of the
track {over the Grand Banks continental siope). Along the station B
to station A to Grand Banks section, sound velocity profiles were most
complicated in the North Atlantic Central gyre, least complicated in
the Labrador Current, and of intermediate complexity in numerous
tongues of the Labrador Sea gyre that protruded into the primary
OPAREA.

(U) Along that portion of thz above section that extended due
south from station B to station A, temporal and spatial variations
in the depth and sound velocity at the 0SC axis were greatest dyring
Phase 111 (260 m »nd 8.9 m/sec, respectively) and least during Phase I
{130 m ang 4.2 m/sec, respectively). This was caused by greater
development of the unstable North Atlantic Current gyre between
station B and station A during Phase III. Maximum varjability in
sound velocity at the axis along the station § to station A track
(8.9 m/sec during Phase I11} is of the same magnitude as the maximum
temporal and spatial variation of this parameter at any station in
the primary OPAREA (9.5 m/sec at staticn 0 during Phase !). These
variations are caused by the predominance of the unstavie North
Atlantic Current gyre. About half the variability in DSC structure
3t station D during Phase 1 was attributable to temporal variations
{by internal wave action). About half the variability #n DSC structure
encountered in the vicinity of stations A and B during KQALANT-72
probably was also tesmporal in nature. The other half probably was
causad by fluctuations in positicn of the Subarctic Convergence.

{C) Curing Phase 1 of NORLANT-72, 3 line of XBls ard AXBTs were
collected between station B and a position just <outh of Denmark Straft
fn the Irminger Sea. This track started in the horth Atlantic Current
gyre just south of the Subarctic (onveryence, spanned the Labrador
Current gyre, paralieled the Sutarctic Convergence, and ended in
the relatively warm, saline [rminger Current. A variable n~ized layer
cccurred along the first half of the track .t was generally ebsent
north of 60°N. The depth of the BSC a.is genmerally {ncressed to the
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northeast from 70 m in the Labrador Current gyre to about 600 m at

A 54°N, 45°W., In the Irminger Sea, the DSC axis coincided with the

e bottom of the Irminger Current Water layer (a derivant of NACW).

E Sound velocity at the axis also increased to the northeast from lass
- than 1465 m/sec to more than 1480 m/sec. Critical depth varied from
S 1150 m at station B to 520 m in the Labrador Sea gyre to 1640 m in the

Irminger Current. However, depth excess along the entire track was
adequaie to ensure convergence zone propagation from a near-surface
source, At the northern end of the track, the near-bottom sound
velocity profile should be markedly influenced by NSOW overflow from
Cenmark Strait. Historical datu for th.s region show a near-bottom

-;? sound velocity maximum corresponcing to the *op of the NSIW laye
e (Guthrie, 1964). Generally, the overall sound velocity strusture was
z most compiicated in the Irminger Sea, ieast complicated in the Labrado-

! Sea gyre, and of intermediate complexity alorg the Subarctic Convergence.

(C) During Phases I and Il of NGRLANT-72, two lines of XBTs were
taken between station B and separate positions just east of the crest
of the Reykjanes Ridye. These two lires t.rended east-northeast and
due east of station B, respectively. 7The Phase I track started in the
North Atlantic Current gyre, spanncd *he Labrador Sea gyvre, and then
crossed the Subarctic Convergence into the main flow of the North
Atlantic Current. The Phase Il track started at the edge of the Labradov
Sea gyre and ended in the North Atlantic Current. A mixed layer was
absent along the Phase I track, but did occur between Z0 and 40 m 2long
3 most of the Phase IF track. The depth of *the 0SC axis over much of
L beth tracks was approximately the same and varied from about 100 m
at stagion B to about 300 m just east of the Reykjanes Ridge. At
the eastern end of both tracks, the depth of tihe DSC axis increased
rapidily to about 600 m and coincided with the bettom of the HACW
E layer, This occurred at about 35°W during Phase 1 and at about 30°W
X during Phase [[. Between these locations, the 0SC axis was as much
35 400 m deeper Juring Phase ! than diuring Phase II. This anomalous
situation probably is the result of sensitivity of DSC axis depth to
temporal and spatial fluctuations in the enviromment. Large-scale
fiuctueations in sound velocity structure would be expected in the
upper 1000 @ in the relatively shallow water over the eastern flank
of the Reykjenes fidge because of mixing between NACW and transient
k. cells of Mediterrarean Intermediate Water. Sound velocity at the
3 NS¢ axis along the track increased to the east from 1460.4 to

3 1477.0 m/sec during Phase 1 and from 1468.2 Lo 1480.9 m/sec during
P Prhase I1. Greater sound velocities at the axis during Phase 1] were

) msinly the result of the lesser extent of the Labrador Sea gyre to

the south and west. Critical depths along the station B to Reyxjanes
Ridge track were about 400 m deep2r during Phase Il than during Phase I
due to increased surface insolatiovn. kowever, deplth excess along Loth

X tracks was adequate for convergence xone propagation from a near-surface
- N source, except over the crest of the Reykjanes Ridge. Generally, sound
velocity structure along the track was most complicated in the vicinity
of the Subarctic Convergence (just west of the keykjanes Ridge).

3 89 CONF IDENTIAL




CONFIDENTIAL

(C) During Phase III of the exercise, a line of XBTs was taken
extending 1500 nm northwest of station B to the Carey Islands in
northern Baffin Bay. This track crossed the following distinct oceano-
graphic regimes:

1. Near-Subarctic Convergence (station B to about 56°N),

2. Labrador Sea gyre (about 56°N to 61°N),

3. West Greenland Current (about 61°N to 63°N),

4. Northern Labrador Sea transition zone (ahout 63°N to 65°N),
K. Davis Stwzit sil1 ‘ahout 65°N to 67°N}:

6. Southern Baffin Bay (about 67°N to 71°N),

7. Central Batfin tay (about 71°N t¢ 75°N), and

8. Northern Baffin Bay (about 75°N to the Carey !slands).

Oceanographic conditions changed markedly within and betwren several of
these regimes. The Labrador Sea gyre and the West Greenland Current
were separatad by a strung oceanographic frout extending to at leest
500 m depth. The northern Labrador Sea transition zone was even more
complex ocegnographizally than the primary OPAREA. 'n this region, the
Baffin Land Current obliterated surface effect; of the West Greenland
Cyrrent and caused West Greenland Currant Water (WGCW) to sink. Sinking
NGCW and NACW obliterated boluscs of Baffin bay Ueep Water (BBOW)
descending from the Davis Strait siil, In addition, tidal effects in
the relatively shallow water sovuth of Davis Strait induced formation

of internal waves along the horizontal front ravking the bottom of the
Baffin Land Current Water {BLCW) layer. In southern and central

Baffin Bay, the ugpes 200 m were dominated by BLCW. However, oceano-
graphic conditions below about 300 m were quite varigble due to mixing
of the northerly flowing WGCW core with extremely coid, dilute BBDW.
Just south of the Carey [slands, BLCW and BBOW disappeared and were
replaced by more saline Arctic Water,

(C) During Phase 111, data were adequate to eaamine sound velocity
variations at twu stations along the station B to Carey Islands track.
st statfoe £ in the center of the Labrador Sea gyre, the depth of the
DSC axis varied between 40 and 80 m and coinCided with the L{% tempera-
ture minimum. Sound velocity at the axis varied between 1460.9
and 1467.1 m/sec (5.2 m/sec). This relatively large vartation ir the
stable Labrador Sea gyre was taused by intrusions of WG(W into the
gsre. At station Q-3 immediately south of the Davis Sirait sill, the
DSC ayis again varied between 40 and 80 m, but coincided with the yery
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cold BLW core, Sound velocity at the axis varied between 1443.2 and
1451.1 m/sec (7.9 m/sec). This variation is of the same general
magnitude as the maximum variation found in the primary OPAREA

(9.5 m/sec at station D during Phase I). About half of the variability
in DSC structure at station Q-3 probably was caused by internal waves.
The other half apparently resulted from intrusions of WGCW into the
Baffin Land Current. Belnw the DSC axis, sound velocity profiles at
station Q-3 displayed frequent perturbations caused by mixing of WGCW,
NACW, and BBDW. At both stations, depth excess was adequate for
convergence zone propagation from a near-surface source,

(C) A mixed layer occurred between 10 and 50 m on most profiles
along the station B to Cares Islands track. This layer reached
maximum development in southern Baffin Bay, where a positive sound
velocity gradient of about 0.8 m/sec/m occurred in the upper 20 m,
This strong gradient was caused by a temperature maximum imbedded
in an extremely strong halocline. The depth of the DSC axis varied
from 180 m near station B to about 40 m at several locations north of
the Davis Strait sill and coincided with a temperature minimum in
the LCW, BLCW, or Arctic Water core over most of the track. The
relatively constant depth of the axis along the track (variation of
only 140 m) indicates that this parameter generally corresponded to
the maximum depth of summer warming in the region northwest of the
primary OPAREA. Sound velocity at the DSC axis varied from 1473.8 m/sec
in the West Greenland Current to 1440.2 m/sec in centryl Baffin Bay
(33.6 m/sec). In the intense transition zone south of Davis Strait,
this parameler varied 20.Q m/sec over a distance of about 155 sam. This
latter variation is about twice the magnitude of the maximum variation
found at any single station in the primary OPAREA and cbout two-thirds
that found over the track as a whole. Such a phenomenal amount af
variation can only be caused by intensive mixing betwsen sgveral water
masses. About half of this mixing probably was induced by internal
waves, (ritical depth generally shoaled to the north from 1250 m
near station 8 to 100 m south of Davis Strait. Qver the Davis Sirait
si11 and in southern Baffin Bay, critical depth remained relatively
constant {140 to 240 m) and generally corresponded £0 the horizostal
front marking the bottom ot the BLCW layer, In central Baffin Bay,
critical depth increased to & maximum of 920 m as & resull of higher
sound volgeities in the near-syrface layer and the sffects of extremely
cold, di.gte BBDW. South of the Csrey Islands, critical depth shoaled
to 250 m. Depth excess along most of the track was adequate for
convergence zone propajation from 3 near-syrface scurce, except just
south of the Carey Islands and over the shallow Davis Strait sill,
The inténse oceanographic trsnsition zone south of Devis Strait and
the shallow sill depth of this strait may preclude meaningful under-
water sound transmission between the Labr-dor Seda and Baffin Bay during
syswmer.
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CONCLUSIONS

1. (U) The general oceanography of the NORLANT-72 area is more
complicated than in most of the North Atlantic Ocean. This leads to
complex and variable sound velocity structures throughout much of the
exercise area,

2. (V) Sound velocity profiles calculated from XBT temperature
traces and historical salinity profiles using Wilson's equation
generally agree well with measured sound velocity profiles.

3. (U) T-7 XBTs (maximum depth of 760 m) are excellent sampling
devices for the NORLANT-72 area owing to the relatively shallow DSC
axis. However, more salinity profiles collected during the exercise
would have simplified sound velocity analysis.

4. (C) Sound velocity profiles are most complex and variable
in the primary OPAREA (50°N to 55°N between 44°W and 49°W) and in the
region just south of Davis Strait. A similar situation would be ex-
pected south of the Qenmark Strait sill.

5. (U) In the primary OPAREA, sound velocity variability is
related to the position of the meandering Subarctic Convergence that
separates the relatively warm, saline North Atlantic Current gyre from
the colder, less saline Labrador Sea gyre. The Labrador Sea gyre is
far more stable oceanographically than the North Atlantic Current

gyre.

6. (U) South of Davis Strait, sound velocity varisbility is
related to mixing between the West Greenland Current and the Baffin
Land Current in the upper 200 m. Beiow this depth, mixing of North
Atlantic Central Water with Baffin Bay Deep Water boluses also causes
substantial variations in sound velocity structure. Sound velocity
profiles south of Davis Strait are even more complex and variable
than those in the primary OPAREA.

7. (U) Temporal and spatial variability appear to be equally
significant in contrelling DSC structure throughout the NORLANT-72
Exercise area.

8. (C) Depth excess is adequate for convergence zone propagation
from 3 near-surface source throughout most of the exercise area during
NORLANT-72. Exceptions to this general rule occur over the Grand Banks
continental slope, over the crest of the Reykjanes Ridge, across the
siils of Denmark and Davis Straits, and in northern Baffin Bay.

9. (C) The shallow sill depth of Davis Strait and the intense
aceanographic transition zone in the nurthern Labrador Sea may preclude
mzaningful sound transmission between the Labrador Sea and Baffin Bay
during summer.
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10. (C) Because of its location astride the meandering Subarctic
Convergence, the primary QPAREA does not appear to be an optimum site
for summer acoustic exercises. This also applies for station B
situated just north of this front during most of the NORLANT-72
Exercise. A better location for summer acoustic exercises would be
at about 56°N, 45°W in the relatively stable Labrador Sea gyre where
sourd velocity profiles should be much less complex and variable.
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